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Description 

[0001] The present invention relates to a novel urea-urethane compound. The present invention relates also to a 
novel color-producing composition obtained by using the urea-urethane compound, and a recording material obtained 
5 by using the color-producing composition. 

[0002] The color-producing composition of the present invention is useful as a color-producing composition for re- 
cording materials, which use a recording energy such as heat, pressure or the like, and the present invention relates 
to, in particular, a color-producing composition capable of giving an improved storage stability to an uncolored portion 
(an original recording material surface) and a developed color image, and a recording material, in particular, a heat- 
to sensitive recording material, which is obtained by using the color-producing composition. 

BACKGROUND ART 

[0003] Various chemical color-producing systems which use a recording energy such as heat, pressure or the like 

is have been known. Of these systems, color-producing systems usually composed of a two-component color-producing 
system consisting of a colorless or light-colored dye precursor and a developer capable of causing color development 
on contact with the dye precursor have been known since early times and are commonly utilized in recording materials. 
There are, for example, pressure-sensitive recording materials which record using pressure, heat-sensitive recording 
materials which record using heat, and light-sensitive recording materials which record using light. 

20 [0004] Pressure-sensitive recording materials have been generally used in the planar form, similar to paper. In gen- 
eral, the pressure-sensitive recording material is obtained by dissolving a dye precursor in a suitable solvent, emulsi- 
fying the resulting solution to several microns, and forming the emulsion into microcapsules. A first layer (also referred 
to herein as upper paper) of paper obtained by coating a substrate with the microcapsules and a second layer (also 
referred to herein as under paper) of paper obtained by coating another substrate with a developer layer containing a 

25 developer are placed one upon the other so that the microcapsule-coated surface and the developer-coated surface 
face each other. When a pressure is applied to the resulting assembly by writing, striking or the like, the microcapsules 
are destroyed to release the contents including the dye precursor. The dye precursor transfers to the developer layer 
to come into contact with the developer, so that color development reaction occurs, resulting In recording of an image. 
[0005] In recent years, a heat-sensitive recording method comprising recording by means of heat energy has been 

30 often adopted in various information machines such as facsimiles, printers, recorders and the like. A heat-sensitive 
recording material used in the heat-sensitive recording method has many excellent characteristics such as a high 
whiteness, appearance and feel which are similar to those of ordinary planar paper, and having an excellent aptitude 
for recording, for example, a high color development sensitivity. The heat-sensitive recording method is advantageous, 
for example, in that an apparatus used in the method is small, requires no maintenance and produces no noise. There- 

35 fore, the range of use of the heat-sensitive recording method have been increased in various fields of, for instance, 
recorders for measurement, facsimiles, printers, terminals of computer, labels, and automatic vending machines for 
railroad tickets or the like. 

[0006] In the heat-sensitive recording method, a recording material obtained by forming on a substrate a color-pro- 
ducing layer containing a two-component color-producing composition is mainly used, and the components of the heat- 

40 sensitive composition are brought into contact with each other by treating the recording material with heat supplied as 
the recording energy from a thermal head, a hot stamp, laser beams or the like. Many compositions used as the color- 
producing composition are those obtained by using a colorless or light-colored, electron-donating dye precursor (in 
particular, a leuco dye) and an acidic developer such as a phenolic compound. An example of a recording material 
obtained by using a leuco dye is thermal paper obtained by using a combination of Crystal Violet lactone and 4,4*- 

45 isopropylidenediphenol (bisphenol A) as a heat-sensitive color-producing composition (see U.S. Patent 3539375, etc.). 
[0007] As the dye precursor and developer used in each of the recording methods described above, an electron- 
donating compound and an electron-accepting compound, respectively, are mainly used. This is because the electron- 
donating compound and the electron-accepting compound have, for example, the following excellent characteristics: 
the dye precursor as electron-donating compound and the developer as electron-accepting compound come into con- 

50 tact with each other to give a nearly instantaneous developed color image with a high density; and a nearly white 
appearance can be obtained and various hues such as red, orange, yellow, green, blue, black, etc. can be obtained. 
However, the developed color image obtained is so poor in chemical resistance that the record disappears easily on 
contact with a plasticizer contained in a plastic sheet or an eraser, or a chemical contained in food or cosmetics. Also 
the developed color image is so poor in record storage stability that the record fades or, worse yet, disappears when 

55 exposed to sunlight for a relatively short period of time. Therefore, color-producing compositions comprising the dye 
precursor and the developer are limited in their use to a considerable extent, and their improvement is eagerly desired. 
[0008] In recent years, phenolic compounds represented by bisphenol A are considered unsuitable for use because 
they are likely to be endocrine disrupters, and hence a non-phenolic developer is preferred. 
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[0009] For fulfilling such a request, for example, JP-A-59-1 15887 and U.S. Patent 4521793 disclose recording ma- 
terials comprising a combination of color-producing compositions comprising an aromatic isocyanate and an imino 
compound, as recording materials having a high shelf stability. These references disclose various recording materials 
in which the two color-producing compositions are brought into contact with each other to be reacted, by application 
5 of recording energy such as heat, pressure, light or the like. The references describe the fact that various colors such 
as red, orange, yellow, light brown, dark brown, etc. can be developed by properly selecting the color-producing com- 
positions. However, in the inventions disclosed in the references, the development of a black color is not yet sufficient 
and is eagerly desired in the case of recording materials commonly used at present. 

[0010] JP-A-8-2111 and JP-A-8-21 12 disclose heat-sensitive recording materials having a color-producing layer con- 
to taining a colorless or light-colored dye precursor and a urea compound, as heat-sensitive recording materials obtained 
by using a non-phenolic developer. These recording materials, however, give a low coloring density and have an in- 
sufficient shelf stability. 

[0011] JP-A-5-1 16459 discloses a heat-sensitive recording material having a heat-sensitive color-producing layer 
containing a colorless or light-colored dye precursor and a sulfonylurea compound. This recording material, however, 
15 gives a low whiteness and has an insufficient shelf stability. 

DISCLOSURE OF THE INVENTION 

[0012] The present invention is intended to provide a novel urea-urethane compound that exhibits excellent perform- 

20 ance characteristics when used as developer in a color-producing composition. 

[0013] The present invention is also intended to provide a novel color-producing composition excellent in image 
preservability and coloring density, and a recording material, in particular, a heat-sensitive recording material, which 
is obtained by the use of the color-producing composition, by using any of various urea-urethane compounds. 
[001 4] In addition, the present invention relates to a novel color-producing composition possessing further improved 

25 performance characteristics by virtue of the addition of various additives to a urea-urethane compound and a dye 
precursor, and a recording material obtained by using said color-producing composition. 

[0015] The present inventors earnestly investigated the synthesis of various compounds for color-producing com- 
position and consequently found that specific compounds exhibit surprisingly excellent performance characteristics, 
whereby the present invention has been accomplished. Furthermore, the present inventors found that specific com- 
30 pounds exhibit surprisingly excellent performance characteristics in combination with a dye precursor, whereby the 
present invention has been accomplished. 
[0016] That is, the present invention is as follows. 

[0017] A first aspect of the invention is directed to a urea-urethane compound having one or more urea groups and 
one or more urethane groups in the molecular structure, the number of said urea groups (A) and the number of said 
35 urethane groups (B) satisfying the following numerical formula: 

10 ^ (A+B) ^ 3 

40 wherein each of A and B is an integer of 1 or more. 

[001 8] A second aspect of the invention is directed to a urea-urethane compound represented by any of the following 
formulas (I) to (VI): 



" H H H H 
X-O-C-N-Y 0 -N-C-N--Z (I) 

so wherein X and Z are independently an aromatic compound residue, a heterocyclic compound residue or an aliphatic 
compound residue, each of the residues optionally have one or more substituents, and Y 0 is a group selected from 
the group consisting of tolylene group, xytylene group, naphthylene group, hexamethylene group and -4>-CH 2 -<t>- group 
wherein -<J>- is a phenylene group; 

55 
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o o o 

II H H H H H H 

X-O-C-N-Y-N-C-N-Y-N-C-O-X ( II ) 

5 



wherein X and Y are independently an aromatic compound residue, a heterocyclic compound residue or an aliphatic 
compound residue, each of the residues optionally have one or more substituents; 



10 



15 



( i ? \ 

X-O-C-N-Y-N-C-N H a 

V H H H/ n 



(III) 



wherein X and Y are independently an aromatic compound residue, a heterocyclic compound residue or an aliphatic 
compound residue, a is a residue having a valence of 2 or more, and n is an integer of 2 or more, each of the residues 
20 optionally have one or more substituents; 



25 



O O \ 

II II \ 

i-N-C-N-Y-N-C-OH P 

H. H H J n 



(IV) 



30 wherein Z and Y are independently an aromatic compound residue, a heterocyclic compound residue or an aliphatic 
compound residue, 0 is a residue having a valence of 2 or more, and n is an integer of 2 or more, each of the residues 
optionally have one or more substituents; 



35 



40 



(V) 



wherein hydrogen atom(s) of each benzene ring may be replaced by an aromatic compound residue, an aliphatic 
compound residue or a heterocyclic compound residue, each of the residues may have one or more substituents, y is 
45 a group selected from the group consisting of -S0 2 -, -O-, -(S) n -, -(CH 2 ) n -, -CO-, -CONH- and any of groups represented 
by the formulas (a); 



50 
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or is absent, and n is 1 or 2; and 



8 



H — N-C-N- 
H H 




(VI) 



50 



55 



wherein hydrogen atom(s) of each benzene ring may be replaced by an aromatic compound residue, an aliphatic 
compound residue or a heterocyclic compound residue, each of the residues may have one or more substituents, 5 is 
a group selected from the group consisting of-S0 2 -, -O-, -(S) n -, -(CH 2 ) n -, -CO-, -CONH-, -Nhh-CHCCOOR.,)-, -C(CF 3 ) 2 - 
and -CR 2 R 3 - or is absent, each of R 1t R 2 and R 3 is an alkyl group, and n is 1 or 2. 

[001 9] A third aspect of the invention is directed to a color-producing composition comprising a developer comprising 
a urea-urethane compound, and a colorless or light-colored dye precursor. 

[0020] A fourth aspect of the invention is directed to a color-producing composition according to the third aspect of 
the invention, wherein said developer is a urea-urethane compound according to the first aspect of the invention. 
[0021] A fifth aspect of the invention is directed to a color-producing composition according to the third aspect of the 
invention, wherein said developer is a urea-urethane compound according to the second aspect of the invention or a 
urea-urethane compound represented by the following formula (VII): 
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O O 
H H H II H 
X-O-C-N-Y-N-C-N-Z (VII) 



wherein X, Y and Z are independently an aromatic compound residue, a heterocyclic compound residue or an aliphatic 
compound residue, each of the residues optionally have one or more substituents, and each of X, Y and Z being 
10 preferably an aromatic compound residue or a heterocyclic compound residue. 

[0022] A sixth aspect of the invention is directed to a color-producing composition according to any one of the third 
to fifth aspects of the invention, which further comprises an isocyanate compound. 

[0023] A seventh aspect of the invention is directed to a color-producing composition according to any one of the 
third to fifth aspects of the invention, which further comprises an isocyanate compound and an imino compound. 
15 [0024] An eighth aspect of the invention is directed to a color-producing composition according to any one of the 
third to seventh aspects of the invention, which further comprises an amino compound. 

[0025] A ninth aspect of the invention is directed to a color-producing composition according to any one of the third 
to eighth aspects of the invention, wherein the developer further comprises an acidic developer. 
[0026] A tenth aspect of the invention is directed to a recording material comprising a substrate and a color-producing 
20 layer formed thereon, said color-producing layer comprising a urea-urethane compound according to the first or second 
aspect of the invention or a color-producing composition according to any one of the third to ninth aspects of the 
invention. 

[0027] An eleventh aspect of the invention is directed to a recording material according to the tenth aspect of the 
invention, which is a heat-sensitive recording material. 

25 

BRIEF DESCRIPTION OF DRAWINGS 

[0028] Fig. 1 is an I R spectrum of the white crystals obtained in Example 1 . 
[0029] Fig. 2 is an I R spectrum of the white crystals obtained in Example 8. 

30 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0030] The present invention is explained below in detail. 

[0031] The urea-urethane compound of the first aspect of the present invention which satisfies the numeral formula: 

35 

10s(A + B)^3 

wherein each of A and B is an integer of 1 or more, is a compound having a molecular structure in which at least one 
40 urea group (-NHCONH- group) and at least one urethane group (-NHCOO- group) are present in a total number of not 
more than 10 and not less than 3. 

[0032] We believe that such a compound has not been known and is novel. This novel compound is useful in the 
case of recording materials which use a recording energy such as heat, pressure or the like. The molecular weight of 
the urea-urethane compound is preferably 5,000 or less, more preferably 2,000 or less. The ratio of urea group(s) to 
45 urethane group(s) in the molecular structure of the urea-urethane compound is preferably 1 : 3 to 3 : 1 , in particular, 
1 :2to2: 1. 

[0033] A process for synthesizing the urea-urethane compound of the first aspect of the present invention is not 
particularly limited so long as at least one urea group (-NHCONH- group) and at least one urethane group (-NHCOO- 
group) are formed in a total number of 3 to 10. A process in which the urea-urethane compound is produced by the 

so reaction of an OH group-containing compound with an amine compound is preferable because of its ease. 

[0034] In detail, as the urea-urethane compound of the first aspect of the present invention, a urea-urethane com- 
pound having at least one urea group and at least one urethane group in a total number of at least 3 can be obtained. 
For example, by using an isocyanate having at least two isocyanate groups, as a starting material, reacting all the 
isocyanate groups except at least one with an OH group-containing compound to form one or more urethane groups, 

55 and then reacting the remaining isocyanate groups of two molecules of the resulting urethane compound with each 
other by the use of water to bond them to each other. 

[0035] In addition, a urea-urethane compound having at least one urea group and at least one urethane group in a 
total number of at least 3 can be obtained, for example, by using an isocyanate having at least two isocyanate groups, 
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as a starting material, reacting all the isocyanate groups except at least one with an OH group-containing compound 
to form one or more urethane groups, reacting the remaining isocyanate group(s) with an amine compound having two 
or more amino groups, to form one or more urea groups, and reacting the remaining amino group(s) with an isocyanate 
compound. 

[0036] Furthermore, a urea-urethane compound having at least one urea group and at least one urethane group in 
a total number of at least 3 can be obtained also by reacting all the isocyanate groups except at least one with an 
amine compound at first to form one or more u rea groups, reacting the remaining isocyanate group(s) with a compound 
containing two or more OH groups, to form one or more urethane groups, and then reacting the resulting compound 
with an isocyanate compound. 

[0037] In this case, a urea-urethane compound having at least one urea group and at least one urethane group in 
a total number of 3 to 10 can be obtained by using an isocyanate compound having two or more isocyanate groups, 
as the isocyanate to be lastly reacted, and repeating a procedure of reacting the remaining isocyanate group(s) with 
a compound containing two or more OH groups or an amine compound having two or more amino groups. 
[0038] The starting isocyanate is not particularly limited so long as it has two or more isocyanate groups. The starting 
isocyanate includes, for example, p-phenylene diisocyanate, 2,5-dimethoxybenzene-1 ,4-diisocyanate, 2,4-toluene di- 
isocyanate, 2,6-toluene diisocyanate, diphenylmethane diisocyanate, o-tolidine diisocyanate, diphenyl ether diisocy- 
anate, 1 ,5-naphthylene diisocyanate, dianisidine diisocyanate, 9-ethylcarbazole-3,6-diisocyanate, S.S'-dimethyM,^- 
diphenylmethane diisocyanate, hexamethylene diisocyanate, isophorone diisocyanate, triphenylmethane triisocy- 
anate, tris(4-phenyl isocyanate) thiophosphate, 4,4 , ,4 u -triisocyanato-2,5-dimethoxytriphenylamine, 4,4',4 n -triisocyana- 
totriphenyl- amine, m-xylylene diisocyanate, lysine diisocyanate, dimer acid diisocyanate, isopropylidene bis-4-cy- 
clohexylisocyanate, dicyclohexylmethane diisocyanate and methylcyclohexane diisocyanate. As the starting isocy- 
anate, there may also be used diisocyanate dimers such as N,N , -(4,4 , -dimethyl-3,3 , -diphenyldiisocyanato)urethodtone 
(Desmodule TT, a trade name), a toluene diisocyanate dimer; and diisocyanate trimers such as 4,4',4 M -trimethyl-3 ( 3' l 
3 w -triisocyanato-2,4,6-triphenylcyanurate. There may also be used water adduct isocyanates of toluene diisocyanate, 
diphenylmethane diisocyanate and the like, such as 1 ,3-bis(3-isocyanato-4-methylphenyl)urea; polyol adducts such 
as trimethyiolpropane adduct of toluene diisocyanate (Desmodule L, a trade name); and amine adducts. There may 
also be used compounds having two or more isocyanate groups, among the isocyanate compounds and isocyanate 
adduct compounds described in the specification of JP-A-1 0-76757 and the specification of JP-A-1 0-951 71 (the con- 
tents of these references are hereby incorporated herein by reference). 

[0039] Especially preferable examples of the starting isocyanate are toluene diisocyanates. Of the toluene diisocy- 
anates, 2.4-totuene diisocyanate is preferable. Besides 2.4-toluene diisocyanate, mixtures of 2.4-toluene diisocyanate 
and 2,6-toluene diisocyanate are generally on the market and available at a low price and may also be used as the 
starting isocyanate. The mixtures of these toluene diisocyanate isomers are liquid at ordinary temperatures. 
[0040] As the amine compound that is reacted with the starting isocyanate for the urea-urethane compound to form 
one or more urea groups, any compound may be used so long as it has one or more amino groups. The amine compound 
includes, for example, aromatic amines such as aniline, o-toluidine, m-toluidine, p-toluidine, o-anisidine, p-anisidine, 
p-phenetidine, N.N-dimethylaniline, N,N-diethylaniline, N.N-dimethyl-p-phenylenediamine, N,N-diethyl-p-phenylene- 
diamine, 2,4-dimethoxyaniline, 2,5-dimethoxyaniline, 3,4-dimethoxyaniline, p-aminoacetanilide, p-aminobenzoic acid, 
o-aminophenol, m-aminophenol, p-aminophenol, 2,3-xylidine, 2,4-xylidine, 3,4-xylidine, 2,6-xylidine, 4-aminobenzoni- 
trile, anthranilic acid, p-cresidine, 2,5-dichloroaniline, 2,6-dichioroaniline, 3,4-dichloroanlline, 3,5-dichloroaniline, 
2,4,5-trichloroaniline, a-naphthylamine, aminoanthracene, o-ethylaniline, o-chloroaniline, m-chioroaniline, p-chloro- 
aniline, N-methylaniline, N-ethylaniline, N-propylaniline, N-butylaniline, N.N-diglycidylaniline, N.N-diglycidyl-o-toluid- 
ine, acetoacetic acid anilide, trimethylphenylammonium bromide, 4,4 , -diamino-3,3 , -diethyldiphenylmethane, 4,4 , -di- 
aminobenzanilide, 3,5-diaminochlorobenzene, diaminodiphenyi ether, S.S'-dichloro^^'-diaminodiphenylmethane, 
3,3'-dimethyl-4,4'-diaminodiphenylmethane, tolidine base, o-phenylenediamine, m-phenylenediamine, p-phenylenedi- 
amine, 2-chloro-p-phenylenediamine, dianisidine, methyl p-aminobenzoate, ethyl p-aminobenzoate, n-propyl p-ami- 
nobenzoate, isopropyl p-aminobenzoate, butyl p-aminobenzoate, dodecyl p-aminobenzoate, benzyl p-aminobenzoate, 
o-aminobenzophenone, m-aminoacetophenone, p-aminoacetophenone, m-aminobenzamide, o-aminobenzamide, p- 
aminobenzamide, p-amino-N-methylbenzamide, 3-amino-4-methylbenzamide, 3-amino-4-methoxybenzamlde, 3-ami- 
no-4-chlorobenzamide, p-(N-phenylcarbamoyl)aniline, p-[N-(4-chlorophenyl)- carbamoyljaniline, p-[N-(4-aminophe- 
nyl)carbamoyl]aniline, 2-methoxy-5-(N-phenylcarbamoyl)aniline, 2-methoxy-5-[N-(2 , -methyl-3'-chlorophenyl)car- 
bamoyl]aniline, 2-methoxy-5-[N-(2'-chlorophenyl)carbamoyl]aniline, 5-acetylamino-2-methoxy aniline, 4-acetylami- 
noaniline, 4-(N-methyl-N-acetylamino)aniline, 2,5-diethoxy-4-(N-benzoylamino)aniline, 2,5-dimethoxy-4-(N-ben- 
zoylamino)aniline, 2-methoxy-4-(N-benzoylamino)-5-methylaniline, 4-sulfamoylaniline, 3-sulfamoylaniline, 2-(N-ethyl- 
N-phenylaminosulfonyl)aniline, 4-dimethylaminosulfonylaniline, 4-diethylaminosurfonyIaniline, sulfathiazole, 4-amin- 
odiphenyl sulfone, 2-chloro-5-N-phenylsuffamoylaniline, 2-methoxy-5-N,N-diethylsulfamoylaniline, 2,5-dimethoxy- 
4-N-phenysulfamoylaniiine, 2-methoxy-5-benzylsulfonylaniline, 2-phenoxysulfonylaniline, 2-(2'-chlorophenoxy)sulfo- 
nylaniline, 3-anilinosulfonyl-4-methylaniline, bis[4-(m-aminophenoxy)phenyl] sulfone, bis[4-(p-aminophenoxy)phenyl] 
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sulfone, bis[3-methyl-4-(p-aminophenoxy)phenyl] sulfone, S.S'-dimethoxy^^'-diaminobiphenyl, S.S'-dimethyW^'-di- 
aminobiphenyl, 2,2 , -dichloro-4,4 , -diamino-5,5 , -dimethoxybiphenyl, 2,2\5 l 5 , -tetrachloro-4,4'-diaminob»phenyl, o-tolid- 
ine sulfone, 2,4'-diaminobiphenyl, 2,2'-diaminobiphenyl, 4,4'-diaminobiphenyl, 2,2 , -dichloro-4,4'-diaminobiphenyl l 3,3'- 
dichloro^^'-diaminobiphenyl, 2,2 , -dimethyl-4,4'-di ami n obi phenyl, 4,4'-thiodianiline, 2,2-dithiodianiline, 4,4-dithiodi- 
aniline, 4,4'-diaminodiphenyl ether, 3,3'-diaminodiphenyl ether, 3,4'-diaminodiphenyl ether, 4,4 , -diaminodiphenylmeth- 
ane, 3,4'-diaminodiphenylmethane, bis(3-amino-4-chlorophenyl) sulfone, bis(3,4-diaminophenyl) sulfone, 4,4'-diami- 
nodiphenyl sulfone, 3,3'-diaminodiphenyl sulfone, S^-diaminodiphenyl sulfone, S.S'-diaminodiphenylmethane, 4,4-di- 
aminodiphenyiamine, 4,4'-ethylenedianiline, 4,4 , -diamino-2,2'-dimethyldibenzyl, 3,3'-diaminobenzophenone, 4,4'-di- 
aminobenzophenone, 1 ,4-bis(4-aminophenoxy)benzene, 1 t 3-bis(4-aminophenoxy)benzene, 1 ,3-bis(3-amino- phe- 
noxy)benzene, 9,9-bis(4-aminophenyl)fluorene, 2,2-bis(4-aminophenoxyphenyl)propane, 4,4 , -bis(4-aminophenoxy) 
diphenyl, 3,3\4,4'-tetraaminodiphenyl ether, 3,3\4,4'-tetraaminodiphenyl sulfone, S.S'^^'-tetraaminobenzophenone, 
3-aminobenzonitrile, 4-phenoxyaniline, 3-phenoxyaniline, 4,4'-methylenebis-o-toluidine, 4,4'-(p-phenyleneisopropyli- 
dene)-bis-(2,6-xylidine), o-chloro-p-nitroaniline, o-nitro-p-chloroaniline, 2,6-dichloro-4-nitroaniline, 5-chloro-2-ni- 
troaniline, 2-amino-4-chlorophenol, o-nltroaniline, m-nitroaniline, p-nitroaniline, 2-methyl-4-nltroaniline, m-nitro-p-tolu- 
idine, 2-amino-5-nitrobenzonitriIe, Metol, 2,4-diaminophenol, N-(j3-hydroxyethyl)-o-aminophenol sulfate, sulfanilic acid, 
metanllic acid, 4B acid, C acid, 2B acid, p-fluoroaniline, o-fluoroaniline, 3-chloro-4-fluoroaniline, 2,4-difluoroaniline, 
2,3,4-trifluoroaniline, m-aminobenzotrifluoride, m-toluylenediamine, 2-aminothiophenol, 2-amino-3-bromo-5-nttroben- 
zonitrile, dtphenylamine, p-aminodiphenylamine, octylated diphenylamine, 2-methyl-4-methoxydiphenylamine, N,N- 
diphenyl-p-phenylenediamine, dianisidine, S.S'-dichlorobenzidine, 4,4 l -diaminostilbene-2,2'-disu!fonic acid, ben- 
zylethylaniline, 1 ,8-naphthalenediamine, sodium naphthionate, Tobias acid, H acid, J acid, phenyl J acid, 1 ,4-diamino- 
anthraquinone, 1 ,4-diamino-2,3-dichloro- anthraquinone, etc.; heterocyclic compound amines such as 3-amino- 
1 ,2,4-triazole, 2-aminopyridine, 3-aminopyridine, 4-aminopyridine, a-amino-e-capro lactam, acetoguanamine, 2,4-di- 
amino-6-[2'-methylimidazolyl-(1 )]ethyl-S-triazine, 2,3-diaminopyridine, 2,5-diaminopyridine, 2,3,5-triaminopyridine, 
1 -amino-4-methylpiperazine, 1 -(2-aminoethyl)piperazine, bis(aminopropyl)piperazine, N-(3-aminopropyl)rriorpholine, 
etc.; and aliphatic amines such as methylamine, ethylamine, dimethylamine, diethylamine, stearylamine, allylamine, 
diallylamine, isopropylamine, diisopropylamine, 2-ethylhexylamine, ethanolamine, 3-(2-ethylhexyloxy)propylamine, 
3-ethoxypropylamine, diisobutyiamine, 3-(diethylamino)propylamine, di-2-ethylhexylamine, 3-(dibutylamino)pro- 
pylamine, t-butylamine, propylamine, 3-(methylamino)propylamine, 3-(dimethylamino)propylamine, 3-methoxypro- 
pylamine, methylhydrazine, 1-methylbutylamine, methanediamine, 1 ,4-diaminobutane, cyclohexanemethylamine, cy- 
clohexylamine, 4-methylcyclohexylamine, 2-bromoethylamine, 2-methoxyethylamine, 2-ethoxymethylamine, 2-amino- 
1-propanol, 2-aminobutanol, 3-amino-1 ,2-propanediol, 1 ,3-diamino-2-hydroxypropane, 2-aminoethanethiol, ethylene- 
diamine, diethylenetriamine, hexamethylenediamine, etc. 

[0041] Of the above-exemplified amine compounds, aniline derivatives having at least one amino group and repre- 
sented by the following formula (VIII) are especially preferable: 



wherein R 1t R 2 , R3 and R 4 are independently a hydrogen atom, a halogen atom, an alkyl group, an alkoxy group or 
an amino group, X 1 and X 2 are independently an amino group or a group represented by the formula (b): 



and Y 1 is any of -S0 2 -, -O-, -(S) n -, -(CH 2 ) n -, -CO-,-CONH- and a group represented by any of the formulas (a): 





(b) 
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O 



or is absent, and n is 1 or 2. 

[0042] As the OH group-containing compound that is reacted with the isocyanate to form one or more urethane 
groups, any compound may be used so long as it contains one or more OH groups. The OH group-containing compound 
includes, for example, phenols such as phenol, cresol, xylenol, p-ethylphenol, o-isopropylphenol, resorcinol, p-tert- 
butyiphenol, p-tert-octylphenol, 2-cyclohexylphenol, 2-allylphenol, 4-indanol, thymol, 2-naphthol, p-nitrophenol, o-chlo- 
rophenol, p-chlorophenol, 2,2-bis(4-hydroxyphenyl)propane, 2,2-bis(hydroxyphenyl)butane, 2,2-bis(hydroxyphenyl) 
pentane, 2 ,2-bis(hydroxyphenyt) heptane, catechol, 3-methylcatechol, 3-methoxycatechol, pyrogallol, hydroquinone, 
methyl hydroqu in one, 4-phenylphenol, p,p'-biphenol, 4-cumylphenol, butyl bis(4-hydroxyphenyl)acetate, benzyl bis 
(4-hydroxypheny I) acetate, bls(4-hydroxyphenyl) sulfone, bis(3-methyl-4-hydroxyphenyl) sulfone, bis(3,5-dimethyl- 
4-hydroxy phenyl) sulfone, 4-hydroxyphenyl-4 , -methylphenyl sulfone, 3-chloro-4-hydroxyphenyl-4'-methylpheny! sul- 
fone, 3,4-dihydroxyphenyl-4'-methylphenyl sulfone, 4-isopropyloxyphenyl-4*-hydroxyphenyl sulfone, bis(2-allyl-4-hy- 
droxyphenyl) sulfone, 4-hydroxyphenyl-4 , -benzy1oxyphenyl sulfone, 4-isopropylphenyl-4 , -hydroxyphenyl sulfone, 4-hy- 
droxy-4'-isopropoxydiphenyl sulfone, bIs(2-methyl-3-tert-butyl-4-hydroxyphenyl) sulfide, 4,4'-dihydroxydiphenyl ether, 
4,4-thiodiphenol, 4,4'-dihydroxybenzophenone, 2,2-bis(4-hydroxyphenyl)- hexafluoropropane, 4,4 , -dihydroxydiphe- 
nylmethane, 3,3'-dihydroxydiphenylamine, bis(4-hydroxy-3-methylphenyl) sulfide, bis(4-(2-hydroxy)phenyl) sulfone, 

2.4- dihydroxybenzophenone, 2,2',4,4 , -tetrahydroxybenzophenone, phenyl salicylate, salicylanilide, methyl 4-hydroxy- 
benzoate, benzyl 4-hydroxybenzoate, (4'-chlorobenzyl) 4-hydroxybenzoate, ethyl 1,2-bis(4'-hydroxybenzoate), pentyl 

1.5- bisf^-hydroxybenzoate), hexyl 1,6-bis(4'-hydroxybenzoate), dimethyl 3-hydroxyphthalate, stearyl gallate, lauryl 
gallate, methyl gallate, 4-methoxyphenol, 4-(benzyloxy)phenol, 4-hydroxybenzaldehyde, 4-n-octyloxysalicylic acid, 
4-n-butyloxysalicylic acid, 4-n-pentyloxysalicylic acid, 3-n-dodecyloxysalicylic acid, 3-n-octanoyloxysalicylic acid, 4-n- 
octyloxycarbonylaminosalicylic acid, 4-n-octanoyloxy-carbonylaminosalicylic acid, etc. However, as such phenols, 
those having an amino group are not desirable. Since the amino group has a higher reactivity with an isocyanate group 
than does an OH group, the amino group reacts with the isocyanate group before the OH group, so that it is difficult 
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in some cases to obtain a desired compound. The OH group-containing compound also includes alcohols such as 
methanol, ethanol, propanol, butanol, pentanol, hexanol, heptanol, octanol, isopropanol, iosbutanol, isoheptanol, 
2-ethyM-hexanol, 1-decanol, 2-pentanol, 3-hexanol, tert-butanol, tert-amyl alcohol, methyl Cellosolve, butyl Cellos- 
olve, methyl Carbitol, allyl alcohol, 2-methyl«2-propen-1 -ol, benzyl alcohol, 4-pyridinemethanol, phenyl Cellosolve, fur- 
furyl alcohol, cyclohexanol, cyclohexylmethanol, cyclopentanol, 2-chloroethanol, 1 -chloro-3-hydroxypropane, glycerin, 
glycerol, etc.; polyether type polyols such as polypropylene glycols, potytetramethylene ether glycols, adipate-derived 
polyols, epoxy-modified polyols, polyether ester polyols, polycarbonate polyols, polycaprolactone diols, phenolic poly- 
ols, amine-modified polyols, etc.; and polyols such as ethylene glycol, diethylene glycol, 1 ,3-propanediol, 1 ,2-propan- 
ediol, propylene glycol, dipropylene glycol, 1 ,4-butanediol, 1 ,5-pentanediol, 1 ,6-hexanediol, 1 ,6-hexane glycol, 1 ,9-no- 
nanediol, acryl polyols, fluorocarbon polyols, polybutadiene polyols, polyhydroxy polyols, trimethylolpropane, trimeth- 
ylolethane, hexanetriol, phosphoric acid, neopentyl glycol, pentaerythrrtol, castor-oil-derived polyols, polymer polyols, 
methylpentanediol, halogen-containing polyols, phosphorus-containing polyols, ethylenediamine, a-methylglucoside, 
sorbitol, sucrose, etc. 

[0043] The urea-urethane compound represented by any of the formulas (I) to (VI) of the second aspect of the present 
invention is also a quite novel compound. This novel compound is useful in the case of, for example, recording materials 
used by means of recording energy such as heat, pressure or the like. 

[0044] A process for producing the urea-urethane compound represented by the formula (I) of the second aspect of 
the present invention is not limited. This compound can be obtained, for example, by reacting an OH group-containing 
compound of the following general formula (IX) with an isocyanate compound of the following general formula (X) and 
an amine compound of the following general formula (XI) according to, for instance, the reaction formula (A) shown 
below: 

X-OH (IX) 
OCN-Y 0 -NCO (X) 

Z-NH 2 (XI) 

wherein X and Z are independently an aromatic compound residue, a heterocyclic compound residue or an aliphatic 
compound residue, each of the residues optionally have one or more substituents, and Y 0 is a group selected from 
the group consisting of tolylene group, xylylene group, naphthylene group, hexamethylene group and -<j>-CH 2 -4>- group 
wherein -<J»- is a phenylene group. 

[0045] The term "aliphatic" used herein includes the term "alicyclic" . 



O 

II H 

X-OH + OCN-Yq-NCO ► X-O-C-N-Y 0 -NCO 

O 0 0 

II H II H H H H 

X~O-C-N-Y 0 -NCO + Z-NH 2 *~ X-O-C-N-Y 0 -N-C-N-Z 

(A) 

[0046] A process for producing the urea-urethane compound represented by the formula (II) of the second aspect 
of the present invention is not limited. This compound can be obtained, for example, by reacting an OH group-containing 
compound of the general formula (IX) with an isocyanate compound of the following general formula (XII) and water 
according to, for instance, the reaction formula (B) shown below: 

OCN-Y-NCO (XII) 
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wherein Y is an aromatic compound residue, a heterocyclic compound residue or an aliphatic compound residue, each 
of the residues optionally have one or more substttuents. 



O 

II H 

X-OH + OCN-Y-NCO *~ X-O-C-N-Y-NCO 



( s„ \ 

• Ix-O-C-N- Y-NCO ) 



o o o 

II H H 0 H H II 
+ H 2 0 — *-X~0-C-N-Y-N-C-N-Y-N-C-0-X 



(B) 



[0047] A process for producing the urea-urethane compound represented by the formula (III) of the second aspect 
of the present invention is not limited. This compound can be obtained, for example, by reacting an OH group-containing 
compound of the general formula (IX) with an isocyanate compound of the general formula (XII) and an amine com- 
pound of the following general formula (XIII) according to, for instance, the reaction formula (C) or (D) shown below: 



(XIII) 



a -f NH 2)n 

wherein a is a residue having a valence of 2 or more, and n is an integer of 2 or more. 



X-OH + OCN-Y-NCO X-O-C-N-Y-NCO 

H 

ft \ ( » » L 

nlx-O-C-N-Y-NCO ) + a -f-NH 2 ) \^X-O^C-N-Y-N-C-N j— a 



(C) 



ot — {• NH 2 ) + n (OCN-Y-NCO)' 



1 » ^ 

- a — (-N-C-N-Y-NCO I 

/ t \ 

a -4- N-C-N-Y-NCO + n(X-OH) 

\H H ) n 

(O O \ 

X-O-C-N-Y-N-C-N "I — a 
H H H/ n 

(D) 

[0048] A process for producing the urea-urethane compound represented by the formula (IV) of the second aspect 
of the present invention is not limited. This compound can be obtained, for example, by reacting an amine compound 
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of the general formula (XI) with an isocyanate compound of the general formula (XII) and an OH group-containing 
compound of the following general formula (XIV) according to, for instance, the reaction formula (E) or (F) shown below: 



p-f0H) n 



(XIV) 



wherein p is a residue having a valence of 2 or more, and n is an integer of 2 or more. 



Z-NH 2 + OCN-Y-NCO 



O 
II 

Z-N-C-N-Y-NCO 
H H 



ft \ ( i " L 

n(z-N-C-N-Y-NCO ) + P ~ f OH )*» ^ Z-N-C-N-Y-N-C-O -j— P 



(E) 



P -f OH ) + n (OCN-Y-NCO) — »» P 
n 



— {-O-C-N-Y-NCO 




[0049] The compounds of the general formulas (IX) to (XIV) are explained below in further detail which can be used 
for synthesis of the urea-urethane compounds of the above formulas (I) to (IV). 

[0050] The OH group-containing compound of the general formula (IX) is not particularly limited so long as it has 
one or more OH groups. This compound includes, for example, monophenols such as phenol, cresol, xylenol, p-ethyl- 
phenol, o-isopropylphenol, resorcinol, p-tert-butylphenol, p-tert-octylphenol, 2-cyclohexylphenol, 2-allylphenol, 4-inda- 
nol, thymol, 2-naphthol, p-nitrophenol f o-chlorophenol, p-chlorophenol, 4-phenylphenol, 4-hydroxyphenyl-4'-methyl- 
phenyl sulfone, 3-chloro-4-hydroxyphenyl-4'-methylphenyl sulfone, 4-isopropylphenyl-4'-hydroxyphenyl sulfone, 4-iso- 
propyloxyphenyl-4'-hydroxyphenyl sulfone, 4-hydroxyphenyl-4'-benzyloxyphenyl sulfone, 4-isopropylphenyl-4'-hy- 
droxyphenyl sulfone, 4-hydroxy-4'-isopropoxydiphenyl sulfone, phenyl salicylate, salicylanilide, methyl 4-hydroxyben- 
zoate, benzyl 4-hydroxybenzoate, (4*-chlorobenzyl) 4-hydroxybenzoate, ethyl 1,2-bis(4'-hydroxybenzoate), pentyl 
1 ,5-bis(4'-hydroxy- benzoate), hexyl 1 ,6-bis(4'-hydroxybenzoate), dimethyl 3-hydroxyphthalate, 4-methoxyphenol, 4- 
(benzyloxy)phenol, 4-hydroxybenzaldehyde, 4-n-octyloxysalicylic acid, 4-n-butyloxysalicylic acid, 4-n-pentyloxysalicyl- 
ic acid, 3-n-dodecyloxysalicylic acid, 3-n-octanoyloxysalicylic acid, 4-n-octyloxycarbony I aminosalicylic acid, 4-n-oc- 
tanoyloxy- carbonylaminosalicyiic acid, etc. The compound of the general formula (IX) also includes diphenols such 
as 2,2-bis(4-hydroxyphenyl)propane, 2,2-bis(hydroxyphenyl)butane, 2,2-bis(hydroxyphenyl)pentane, 2,2-bis(hydrox- 
yphenyl)-heptane, catechol, 3-methyicatechol, 3-methoxycatechol, pyrogallol, hydroquinone, methylhydroquinone, 
4-phenylphenol, 4,4'-biphenol 1 4-cumylphenol, butyl bis(4-hydroxyphenyl)acetate, benzyl bis(4-hydroxyphenyl)ace- 
tate, bis(4-hydroxyphenyl) sulfone, bis(3-methyl-4-hydroxyphenyl) sulfone, bis(3,5-dimethyl-4-hydroxyphenyl) sulfone, 
3,4-dihydroxyphenyl-4'-methylpheny1 sulfone, bis(2-allyl-4-hydroxyphenyl) sulfone, bls(2-methyl-3-tert-butyl-4-hydrox- 
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yphenyl) sulfide, 4,4 , -dihydroxydiphenyl ether, 4,4 , -thiodiphenol > 4,4*-dihydroxybenzophenone, 2,2-bis(4-hydroxyphe- 
nyl)hexafluoropropane,4,4 , -dihydroxydiphenylmethane, 3,3*-dihydroxydiphenylamine ( bis(4-hydroxy-3-methylphenyl) 
sulfide, etc. However, as such OH group-containing compounds, those having an amino group are not desirable. When 
the amino group is present together with the OH group(s), the amino group has a higher reactivity with an isocyanate 
group than does the OH group and hence reacts with the isocyanate group before the OH group, so that it is difficult 
in some cases to obtain the desired compound. The compound of the general formula (IX) further includes monohydric 
alcohols such as methanol, ethanol, propanol, butanol, pentanol, hexanol, heptanol, octanol, isopropanol, isobutanol, 
isopentanol, 2-ethyl-1 -hexanol, 1-decanol, 2-pentanol, 3-hexanol, tert-butanol, tert-amyl alcohol, methyl Cellosolve, 
butyl Cellosolve, methyl Carbitol, allyl alcohol, 2-methyl-2-propen-1 -ol, benzyl alcohol, 4-pyridinemethanol, phenyl Cel- 
losolve, furfuryl alcohol, cyclohexanol, cyclohexylmethanol, cyclopentanol, 2-chloroethanol, 1 -chloro-3-hydroxypro- 
pane, glycerin, glycerol, etc. As the compound of the general formula (IX), there may also be used polyether type 
polyois such as polypropylene glycols, polytetramethylene ether glycols, adipate-derived polyols, epoxy-modified poly- 
ols, polyether ester polyols, polycarbonate polyols, polycaprolactone diols, phenolic polyols, amine-modified polyols, 
etc.; and polyols such as ethylene glycol, diethylene glycol, 1 ,3-propanediol, 1 ,2-propanediol, propylene glycol, dipro- 
pylene glycol, 1 ,4-butanediol, 1 ,5-pentanediol, 1 ,6-hexanediol, 1 ,6-hexane glycol, 1 ,9-nonanediol, acryl polyols, fluor- 
ocarbon polyols, polybutadiene polyols, polyhydroxy polyols, trim ethyl olpropane, trimethylolethane, hexanetriol, phos- 
phoric acid, neopentyl glycol, pentaerythritol, castor-oil -derived polyols, polymer polyols, methylpentanediol, halogen- 
containing polyols, phosphorus-containing polyols, ethylenediamine, a-methylglucoside, sorbitol, sucrose, etc. Of 
these, the monophenols are preferably used. 

[0051] The isocyanate compound of the general formula (X) includes 2,4-toluene diisocyanate, 2,6-toluene diisocy- 
anate, diphenylmethane diisocyanate, hexamethylene diisocyanate, 1 ,5-naphthylene diisocyanate, m-xylylene diiso- 
cyanate, etc. Of these, the toluene dilsocyanates are preferable. 

[0052] The isocyanate compound of the general formula (XII) is not particularly limited so long as it has two or more 
isocyanate groups. This compound includes, for example, p-phenylene diisocyanate, 2,5-dimethoxybenzene-1 ,4-di- 
isocyanate, 2,4-toluene diisocyanate, 2,6-toluene diisocyanate, diphenylmethane diisocyanate, o-tolldine diisocy- 
anate, 1 ,5-naphthylene diisocyanate, dianisldine diisocyanate, 9-ethylcarbazole-3,6-diisocyanate, 3,3 -dimethyf-4,4'- 
diphenylmethane diisocyanate, hexamethylene diisocyanate, isophorone diisocyanate, triphenylmethane triisocy- 
anate, tris(4-phenylisocyanato)thiophosphate, 4,4 , ,4 u -triisocyanato-2, 5-dimethoxytriphenyl- amine, 4,4',4 M -triisocy- 
anatotriphenylamine, m-xylylene diisocyanate, lysine diisocyanate, dimer acid diisocyanate, isopropylidene bis-4-cy- 
clohexylisocyanate, dicyclohexylm ethane diisocyanate and methylcyclohexane diisocyanate. As the isocyanate com- 
pound of the general formula (XII), there may also be used diisocyanate dimers such as N,N , -(4,4 , -dimethyl-3,3 , -diphe- 
nyldiisocyanatojurethodione (Desmodule TT, a trade name), a toluene diisocyanate dimer; and diisocyanate trimers 
such as 4,4 , ,4 M -trimethyl-3,3',3 M -triisocyanato-2 I 4,6-triphenylcyanurate. There may also be used water adduct isocy- 
anates of toluene diisocyanate, diphenylmethane diisocyanate and the like, such as 1 ,3-bis(3-isocyanato-4-methyl- 
phenyl)urea; polyol adducts such as trimethylolpropane adduct of toluene diisocyanate (Desmodule L, a trade name); 
and amine adducts. There may also be used compounds having two or more isocyanate groups, among the isocyanate 
compounds and isocyanate adduct compounds described in the specifications of JP-A-1 0-76757 and JP-A-1 0-951 71 . 
An especially preferable example of the isocyanate compound of the general formula (XII) is toluene diisocyanate. 
[0053] The amine compound of the general formula (XI) is not particularly limited so long as it has one or more amino 
groups. This compound includes, for example, aromatic monoamines such as aniline, 0-toluidine, m-toluidine, p-tolu- 
idine, o-anisidine, p-anisidine, p-phenetidine, 2,4-dimethoxyaniline, 2,5-dimethoxyaniline,3,4-dimethoxyaniline, p-ami- 
noacetanilide, p-aminobenzoic acid, o-aminophenol, m-aminophenol, p-aminophenol, 2,3-xylidine, 2,4-xylidine, 3,4-xy- 
lidine, 2,6-xylidine, 4-aminobenzonitrile, anthranilic acid, p-cresidine, 2,5-dichloroaniline, 2,6-dichloroaniline, 
3,4-dichloroaniline, 3,5-dichloroaniline, 2,4,5-trichloroaniline, oc-naphthylamine, aminoanthracene, o-ethylaniline, o- 
chloroaniline, m-chloroaniline, p-chloroaniline, methyl p-aminobenzoate, ethyl p-aminobenzoate, n-propyl p-aminoben- 
zoate, isopropyl p-aminobenzoate, butyl p-aminobenzoate, dodecyl p-amlnobenzoate, benzyl p-aminobenzoate, o- 
aminobenzophenone, m-aminoacetophenone, p-aminoacetophenone, m-aminobenzamide, o-aminobenzamide, p- 
aminobenzamide, p-amino-N-methylbenzamide, 3-amino-4-methylbenzamide, 3-amino-4-methoxybenzamide, 3-ami- 
no-4-chlorobenzamide, p-(N-phenylcarbamoyl)aniline, p-[N-(4-chlorophenyl)carbamoyl]aniline, p-[N-(4-aminophenyl) 
carbamoyl]aniline, 2-methoxy-5-(N-phenylcarbamoyl)aniltne, 2-methoxy-5- [N- (2 , -methyl-3'-chlorophenyl)carbamoyl] 
aniline, 2-methoxy-5-[N-(2'-chlorophenyl)carbamoyl]aniline, 5-acetylamino-2-methoxyaniIine, 4-acetylaminoaniline, 
2-methoxy-4-(N-benzoylamino)-5-methylaniline, 4-sulfamoylaniline, 3-sulfamoylaniline, 2-(N-ethyl-N-phenylaminosul- 
fonyl)-anHine, 4-dimethylaminosulfonylaniline, 4-diethylaminosulfonylaniline, sulfathiazole, 4-aminodiphenyl sulfone, 
2-chloro-5-N-phenylsulfamoylaniline, 2-methoxy-5-N,N-diethylsutfamoylaniIine, 2,5-dimethoxy-4-N-phenysulfarnoy- 
laniline, 2-methoxy-5-benzylsulfonylaniiine, 2-phenoxysulfonyianiline, 2-(2 , -chlorophenoxy)sulfonylaniline, 3-aniiino- 
sulfonyl-4-methylaniline, o-chloro-p-nitroaniline, o-n'rtro-p-chloroaniline, 2,6-dichloro-4-nitroaniline, 5-chloro-2-ni- 
troaniiine, 2-amino-4-chlorophenol, o-nitroaniline, m-nitroaniline, p-nitroaniline, 2-methyl-4-nitroaniline, m-nitro-p-tolu- 
idine, 2-amino-5-nitrobenzonitrile, sulfanilic acid, metanilic acid, 4B acid, C acid, 2B acid, p-fluoroaniline, o-fluoro- 
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aniline, 3-chloro-4-fluoroaniline, 2,4-difluoroaniline, 2,3,4-trifluoroaniline, m-aminobenzotrifluoride, 2-amino-3-bromo- 
5-nitrobenzonitrile, etc.; and aromatic diamines such as 4,4 , -diam)no-3,3 , -diethyldiphenylmethane 1 4,4'-diaminoben- 
zanilide, 3,5-diaminochlorobenzene, diaminodiphenyl ether, 3 t 3'-dichloro-4,4'-diaminodiphenylmethane, 3,3'-dimethyl- 
4,4 , -diaminodiphenylmethane, tolidine base, dianisidine, bis[4-(m-aminophenoxy)phenyl] sulfone, bis[4-(p-aminophe- 
noxy)phenyl] sulfone, bis[3-methyl-4-(p-aminophenoxy)phenyl] sulfone, S.S'-dimethoxy^^'-diaminobiphenyl, 3,3'- 
dimethyl-4,4'-diarninobiphenyl, 2,2'-dichloro-4 1 4 , -diamino-5,5 , -dimethoxybiphenyl 1 2,2\5 l 5 , -tetrachloro-4,4 , -diaminobi- 
phenyl, o-tolidine sulfone, 2,4-diaminobiphenyl, a^'-diaminobiphenyl, 4,4'-diaminobiphenyl, 2,2'-dichloro-4,4 , -diami- 
nobiphenyl, S.S'-dichloro^.^-diaminobiphenyl, 2,2 , -dimethyl-4,4 , -diaminobiphenyl, 4,4 , -thiodianiline, 2,2'-dithiodi- 
aniline, 4,4'-dithiodianiline, 4,4'-diaminodiphenyl ether, S.S'-diaminodiphenyl ether, S.^-diaminodiphenyl ether, 4,4'- 
diaminodiphenylmethane, 3,4-diaminodiphenylmethane, bis(3-amino-4-chlorophenyl) sulfone, bis(3,4-diaminophe- 
nyl) sulfone, 4,4'-diaminodiphenyl sulfone, 3,3'-diaminodiphenyl sulfone, 3,4'-diaminodiphenyl sulfone, S.S'-diamin- 
odiphenyl- methane, 4,4'-diaminodiphenylamine, 4 1 4 , -ethylenedianiline, 4,4 , -diamino-2,2 , -dimethyldibenzyl, 3,3'-di- 
aminobenzophenone, 4,4'-diaminobenzophenone, 1 ,4-bis(4-aminpphenoxy)benzene, 1 ,3-bis(4-aminophenoxy)ben- 
zene, 1 ,3-bis(3-aminophenoxy)- benzene, 9,9-bis(4-aminophenyl)f1uorene 1 2,2-bis(4-aminophenoxyphenyl)propane, 
4,4 , -bis(4-aminophenoxy)diphenyl, dianisidine, 3,3'-dichlorobenzidine, etc. The amine compound of the general for- 
mula (XI) also includes, for example, heterocyclic compound amines such as 3-amino-1 ,2,4-triazole, 2-aminopyridine, 

3- aminopyrfdine, 4-aminopyridine, a-amino-e-caprolactam, acetoguanamine, 2,4-diamino-6-[2 , -methylimidazolyl-(1)] 
ethyl-S-triazine, 2,3-diaminopyridine, 2,5-diaminopyridine, 2,3,5-triaminopyridine, 1-amino-4-methylpiperazine, 1- 
(2-aminoethyl)piperazine, bis(aminopropyl)piperazine, N-(3-aminopropyl)morpholine, etc.; and aliphatic amines such 
as methylamine, ethylamine, stearylamine, altylamine, isopropyl amine, 2-ethylhexylamine, ethanolamine, 3-(2-ethyl- 
hexyloxy)p ropy I amine, 3-ethoxypropylamine, 3-(diethylamino)propylamine, 3-(dibutylamino)propylamine, t- 
butylamine, propylamine, 3-(methylamino)propylamine, 3-(dimethylamino)propylamine, 3-methoxypropylamine, meth- 
ylhydrazine, 1-methylbutylamine, methanediamine, 1 ,4-diaminobutane, cyclohexanemethylamlne, cyclohexylamine, 

4- methylcyclohexylamine, 2-bromoethylamine, 2-methoxyethylamine, 2-ethoxymethylamine, 2-amino-1-propanol, 
2-aminobutanol, 3-amino-1 ,2-propanediol, 1 ,3-diamino-2-hydroxypropane, 2-aminoethanethiol, ethylenediamine, di- 
ethylenetriamlne, hexamethylenediamine, etc. Of these, the aromatic monoamines are preferably used. 

[0054] The amine compound of the general formula (XIII) is not particularly limited so long as it has two or more 
amino groups. This compound includes, for example, aromatic amines such as 4 1 4 , -diamino-3,3'-diethyldiphenyImeth- 
ane, 4,4'-diaminobenzanilide, 3,5-diaminochlorobenzene, diaminodiphenyl ether, S.S'-dichloro^^'-dlaminodiphenyl- 
methane, 3,3'-dimethyl-4,4'-diaminodiphenylmethane, tolidine base, dianisidine, bis[4-(m-aminophenoxy)phenyl] sul- 
fone, bis[4-(p-aminophenoxy)phenyl] sulfone, bls[3-methyl-4-(p-aminophenoxy)phenyl] sulfone, 3,3'-dimethoxy-4,4'- 
diamino- biphenyl, S.S'-dimethyM^'-diaminobiphenyl, 2,2 , -dichloro-4,4 , -diamino-5,5 , -dimethoxybiphenyl, 2,2\5,5'-tet- 
rachloro-4,4'-diaminobiphenyl, o-tolidine sulfone, 2,4'-diaminobiphenyl 1 2,2-diaminobiphenyl, 4,4'-diaminobiphenyl, 
2,2 , -dichloro-4,4'-diaminobiphenyl, S.S'-dichloro^^'-diaminobiphenyl, 2,2'-dimethyl-4,4'-diaminobiphenyl, 4,4'-thiodi- 
aniline, 2,2-dithiodianiline, 4,4'-dithiodianiline, 4,4'-diaminodiphenyl ether, 3,3'-diaminodiphenyl ether, 3,4'-diamin- 
odiphenyl ether, 4 1 4'-diaminodiphenylmethane, 3,4'-diaminodiphenylmethane, bis(3-amino-4-chlorophenyl) sulfone, 
bls(3,4-diaminophenyl) sulfone, 4,4 , -diaminodiphenyl sulfone, 3,3'-diaminodiphenyl sulfone, 3,4'-diaminodiphenyl sul- 
fone, S.S'-diaminodiphenylmethane, 4,4-diaminodiphenylamine, 4,4'-ethylenedianiline, 4,4 , -diamino-2 J 2'-dimethyld- 
ibenzyl, 3,3'-diamtnobenzophenone, 4,4'-diaminobenzophenone, 1 ,4-bis(4-aminophenoxy)benzene, 1 ,3-bis(4-ami- 
nophenoxy)benzene, 1 ,3-bis(3-aminophenoxy)benzene, 9,9-bis(4-aminophenyl)fluorene, 2,2-bis(4-aminophenoxy- 
phenyl)propane, 4,4 , -bis(4-aminophenoxy)diphenyl, dianisidine, 3,3'-dichlorobenzidine ( tolidine base, o-phenylenedi- 
amine, m-phenylenediamine, p-phenylenediamine, etc. Of the above-exemplified amine compounds, aniline deriva- 
tives having at least two amino groups and represented by the following formula (VIII) are especially preferable: 



wherein R-j, R 2 , R3 and R 4 are independently a hydrogen atom, a halogen atom, an alkyl group, an alkoxy group or 
an amino group, X 1 and X 2 are independently an amino group or a group represented by the formula (b): 




(VIII) 
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and is any of -S0 2 -, -O-, -(S) n -, -(CH 2 ) n -, -CO-.-CONH- and a group represented by any of the formulas (a): 




0 



or is absent, and n is 1 or 2. 

[0055] The OH group-containing compound of the general formula (XIV) is not particularly limited so long as it has 
two or more OH groups. This compound includes, for example, diphenols such as 2,2-bis(4-hydroxyphenyl)propane, 
2,2-bis(hydroxyphenyl)butane, 2,2-bis(hydroxyphenyl)pentane, 2,2-bis(hydroxyphenyl)heptane, catechol, 3-methyl- 
catechol, 3-methoxycatechol, pyrogallol, hydroquinone, methylhydro- quinone, p.p'-biphenol, butyl bis(4-hydroxyphe- 
nyl)acetate, benzyl bis (4-hydroxyphenyl)acetate, bis(4-hydroxyphenyl) sulfone, bis(3-methyl-4-hydroxyphenyl) sul- 
fone, bis(3,5-dimethyl-4-hydroxyphenyl) sulfone, 3,4-dihydroxyphenyl-4-methylphenyl sulfone, bis(2-allyl-4-hydroxy- 
phenyl) sulfone, bis (2-methyl-3-tert-butyl-4-hydroxy phenyl) sulfide, 4,4'-dihydroxydiphenyl ether, 4,4'-thiodiphenol, 
4,4 , -dihydroxybenzophenone l 2,2-bis(4-hydroxyphenyl)hexafluoropropane,4 l 4 , -dihydroxydiphenylmethane,3,3 , -dihy- 
droxydiphenylamine, bis(4-hydroxy-3-methylphenyl) sulfide, etc. However, as such diphenols, those having an amino 
group are not desirable. Since the amino group has a higher reactivity towards an isocyanate group than does an OH 
group, the amino group reacts with the isocyanate group before the OH group, so that it is difficult in some cases to 
obtain the desired compound. The OH group-containing compound of the general formula (XIV) also includes polyether 
type polyols such as polypropylene glycols, polytetramethylene ether glycols, adipate-derived potyois, epoxy-modified 
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polyols, polyether ester polyols, polycarbonate polyols, polycaprolactone diols, phenolic polyols, amine-modified poly- 
ols, etc.; and polyols such as ethylene glycol, diethylene glycol, 1 ,3-propanediol, 1 ,2-propanediol, propylene glycol, 
dipropylene glycol, 1 ,4-butanediol, 1 ,5-pentanediol, 1 ,6-hexanediol, 1,6-hexane glycol, 1 ,9-nonanediol, acryl polyols, 
fluorocarbon polyols, polybutadiene polyols, polyhydroxy polyols, trimethylolpropane, trimethyiolethane, hexanetriol, 
phosphoric acid, neopentyl glycol, pentaerythritol, castor-oil -derived polyols, polymer polyols, methylpentanediol, hal- 
ogen-containing polyols, phosphorus-containing polyols, ethylenediamine, a-methylglucoside, sorbitol, sucrose, etc. 
[0056] A process for producing the urea-urethane compound represented by the formula (V) of the second aspect 
of the present Invention is not limited. This compound can be obtained, for example, by reacting a monophenol com- 
pound with an aromatic diisocyanate compound and a diamine compound of the following general formula (XV) ac- 
cording to the reaction formula (G) or (H) shown below: 




(XV) 



wherein hydrogen atom(s) of each benzene ring may be replaced by an aromatic compound residue, an aliphatic 
compound residue or a heterocyclic compound residue, each of the residues may have one or more substituents, and 
y is any of -S0 2 -, -O-, -(S) n -, (CH 2 ) n -, -CO-, -CONH- and a group represented by any of the formulas (a); 




O 



or is absent, and n is 1 or 2. 
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(I -j-OH + OCN4- JJ-NCO — *- 
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[0057] A process for producing the urea-urethane compound represented by the formula (VI) of the second aspect 
of the present invention is not limited. This compound can be obtained, for example, by reacting an aniline derivative 
with an aromatic diisocyanate compound and a dihydroxy compound of the following general formula (XVI) according 
to the reaction formula (J) or (K) shown below: 



HO- 



OH 



(XVI) 
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wherein hydrogen atom(s) of each benzene ring may be replaced by an aromatic compound residue, an aliphatic 
compound residue or a heterocyclic compound residue, each of the residues may have one or more substituents, 5 is 
any of -S0 2 -, -O-, -(S) n -, -(CH 2 ) n -, -CO-, -CONH-, -NH-, -ChKCOORi)-, -C(CF 3 ) 2 - and -CR 2 R 3 - or is absent, R 1f R 2 
and R 3 are independently an alkyl group, and n is 1 or 2. 

j-»H2 * OCN-Ql-NCO — O-g-C-H^-NCO 




(o-sVo-»)— o 



H 
(J) 




NCO + HO -7— 8 — r- A OH 



2 ( 0cn "O- 

OCN ~\J r KT° Tjr 5 ~K^r o-c-N f>-Nco 

o 



NH 2 




O 

OO O O 0 

(K) 

[0058] The compounds usable for synthesis of the urea-urethane compounds represented by the formulas (V) and 
(VI) of the second aspect of the present invention are explained below in detail. 

[0059] The monophenol compound usable for synthesizing the urea-urethane compound of the formula (V) is not 
particularly limited so long as it has an OH group on the benzene ring. The monophenol compound includes, for ex- 
ample, phenols such as phenol, cresol, xylenol, p-ethylphenol, o-isopropylphenol, resorcinol, p-tert-butylphenol, p-tert- 
octylphenol, 2-cyclohexylphenol, 2-aliylphenol, 4-indanol, thymol, 2-naphthol, p-nitrophenol, o-chlorophenol, p-chlo- 
rophenol, 4-pheny!phenol, 4-hydroxyphenyl-4'-methylphenyl sulfone, 3-chloro-4-hydroxyphenyl-4'-methylphenyl sul- 
fone, 4-isopropylphenyl-4'-hydroxyphenyl sulfone, 4-isopropyJoxyphenyl-4'-hydroxyphenyI sulfone, 4-hydroxyphenyl- 
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^-benzyloxyphenyl sulfone, 4-isopropylphenyl-4*-hydroxyphenyl sulfone, 4-hydroxy-4'-isopropoxydiphenyl sulfone, 
phenyl salicylate, salicylanilide, methyl 4-hydroxybenzoate, benzyl 4-hydroxybenzoate, (4'-chlorobenzyl) 4-hydroxy- 
benzoate, dimethyl 3-hydroxyphthalate, 4-methoxyphenol, 4-(benzyloxy)phenol, 4-hydroxybenzaldehyde, 4-n-octy- 
loxysalicylic acid, 4-n-butyloxysalicylic acid, 4-n-pentyloxysalicylic acid, 3-n-dodecyloxysalicylic acid, 3-n-octanoy- 
loxysalicyllc acid, 4-n-octyloxycarbonylaminosalicylic acid, 4-n-octanoyloxycarbonylaminosalicylic acid, etc. However, 
as such phenols, those having an amino group are not desirable. Since the amino group has a higher reactivity with 
an isocyanate group than does an OH group, the amino group reacts with the isocyanate group before the OH group, 
so that it is difficult in some cases to obtain a desired compound. 

[0060] The aromatic diisocyanate compound usable for synthesizing the urea-urethane compound of the formula 
(V) or (VI) is not particularly limited so long as it has two isocyanate groups bonded to its benzene ring. The aromatic 
diisocyanate compound includes, for example, p-pheny!ene diisocyanate, 2,5-dimethoxybenzene-1 ,4-diisocyanate, 
2,4-toluene diisocyanate and 2,6-toluene diisocyanate. Especially preferred examples of the aromatic diisocyanate 
compound are toluene diisocyanates. Of the toluene diisocyanates, 2,4-toluene diisocyanate is preferable. Besides 
2,4-toluene diisocyanate, mixtures of 2.4-toluene diisocyanate and 2,6-toluene diisocyanate are generally on the mar- 
ket and available at a low price and may also be used as the aromatic diisocyanate. The mixtures of these toluene 
diisocyanate isomers are liquid at ordinary temperature. 

[0061] The diamine compound of the general formula (XV) which is usable for synthesizing the urea-urethane com- 
pound of the formula (V) includes, for example, aromatic diamines such as 4,4 , -diamino-3,3 , -diethyldiphenylmethane, 
4,4 , -diaminobenzanilide, 3,5-diaminochlorobenzene, diaminodiphenyl ether, S.S'-dichloro^^'-diaminodiphenyl- meth- 
ane, S.S'-dimethyM.^-diaminodiphenylmethane, tolidine base, dianisidine, bis[4-(m-aminophenoxy)phenyl] sulfone, 
bis[4-(p-aminophenoxy)phenyl] sulfone, bis[3-methyl-4-(p-aminophenoxy)phenyl] sulfone, S.S'-dimethoxy^^'-diami- 
nobiphenyl, S.^-dimethyl^'-diaminobiphenyl, 2,2 , -dichloro-4,4 , -diamino-5,5 , -dimethoxybiphenyl, 2,2\5,5'-tetrachIo- 
ro-4,4'-diaminobiphenyl, o-tolidine sulfone, 2,4 , -diaminobiphenyl, 2,2 , -diaminobiphenyl, 4,4 , -diaminobiphenyl, 2,2'- 
dichloro-4,4'-diaminobiphenyl, S.S'-dichloro^'-diaminobiphenyl, 2,2'-dimethyl-4 I 4 , -diaminobiphenyl, 4,4'-thiodi- 
aniline, 2,2'-dithiodianiline, 4,4'-dithiodianiline, 4,4'-diaminodiphenyl ether, 3,3' -diaminodiphenyl ether, 3,4'-diamin- 
odiphenyl ether, 4,4'-diaminodiphenylmethane p S.^-diaminodiphenylmethane, bis(3-amino-4-chlorophenyl) sulfone, 
bis(3,4-diaminophenyl) sulfone, 4, 4' -diaminodiphenyl sulfone, 3,3' -diaminodiphenyl sulfone, 3,4'-diaminodiphenyl sul- 
fone, 3,3'-diaminodiphenylmethane, 4,4-diaminodiphenylamine, 4,4'-ethylenedianiline, 4,4 , -diamino-2,2'-dimethyld- 
ibenzyl, S.S'-diaminobenzophenone, 4,4-diaminobenzophenone, 1 ,4-bis(4-aminophenoxy)benzene, 1 ,3-bis(4-ami- 
nophenoxy)benzene, 1 ,3-bis(3-aminophenoxy)benzene, 9,9-bis(4-aminophenyl)fluorene, 2,2-bis(4-aminophenoxy- 
phenyl)propane, 4,4'-bis(4-aminophenoxy)-diphenyl, dianisidine, 3,3'-dichlorobenzidine, etc. 

[0062] The aniline derivative usable for synthesizing the urea-urethane compound of the formula (VI) is not particu- 
larly limited so long as it is an aniline compound having an amino group on the benzene ring. The aniline derivative 
includes, for example, aniline, o-toluidine, m-toluidine, p-toluidine, o-anisidine, p-anlsidine, p-phenetidine, N f N-dime- 
thyl-p-phenylenediamine, N.N-diethyl-p-phenylenediamine, 2,4-dimethoxyaniline, 2,5-dimethoxyaniline, 3,4-dimeth- 
oxyaniline, p-aminoacetanilide, p-aminobenzoic acid, o-aminophenol, m-aminophenol, p-aminophenol, 2,3-xylidine, 
2,4-xylidine, 3,4-xylidine, 2,6-xylidine, 4-aminobenzonitrile, anthranilic acid, p-cresidine, 2,5-dichloroaniline, 2,6-dichlo- 
roaniline, 3,4-dichloroaniline, 3,5-dichloroaniline, 2,4,5-trichloroaniline, a-naphthylamine, aminoanthracene, o-ethyl- 
aniline, o-chloroaniline, m-chloroaniline, p-chtoroaniline, methyl p-aminobenzoate, ethyl p-aminobenzoate, n-propyl p- 
aminobenzoate, isopropyl p-aminobenzoate, butyl p-aminobenzoate, dodecyl p-amlnobenzoate, benzyl p-aminoben- 
zoate, o-aminobenzophenone, m-aminoacetophenone, p-aminoacetophenone, m-aminobenzamide, o-aminobenza- 
mide, p-aminobenzamide, p-amino-N-methylbenzamide, 3-amino-4-methylbenzamide, 3-amino-4-methoxybenza- 
mide, 3-amino-4-chlorobenzamlde, p-(N-pheny1carbamoyl)anifine, p-[N-(4-chlorophenyl)carbamoyl]aniline, p-[N- 
(4-aminophenyl)carbamoyt]aniline, 2-methoxy-5-(N-phenylcarbamoyl)aniline t 2-methoxy-5-[N-(2'-methyl-3 , -chloroph- 
enyl)carbamoyl]aniline, 2-methoxy-5-[N-(2'-chlorophenyl)carbamoyI]aniline, 5-acetylamino-2-methoxyaniline, 
4-acetylaminoaniline, 4-(N-methyl-N-acetylamlno)aniline, 2,5-diethoxy-4-(N-benzoylamino)aniline, 2,5-dimethoxy-4- 
(N-benzoylamino)aniline, 2-methoxy-4-(N-benzoylamino)-5-methylaniline, 4-sulfamoylaniline, 3-sulfamoylaniline, 2- 
(N-ethyl-N-phenylaminosulfonyl)aniline, 4-dimethylaminosulfonylaniline, 4-diethylaminosulfonylantline, sulfathiazole, 
4-aminodiphenyl sulfone, 2-chloro-5-N-phenylsulfamoy!aniline, 2-methoxy-5-N,N-diethyIsulfamoylaniline, 2,5-dimeth- 
oxy-4-N-phenysulfamoylaniline, 2-methoxy-5-benzylsulfonyianiline, 2-phenoxysulfonylaniline, 2-(2'-chlorophenoxy) 
sulfonylaniline, 3-anilinosulfonyl-4-methylaniline, o-chloro-p-nttroaniline, o-nitro-p-chloroaniline, 2,6-dichloro-4-nl- 
troaniline, 5-chloro-2-nitroaniline, 2-amino-4-chlorophenol, o-nitroaniline, m-nitroaniline, p-nitroaniline, 2-methyl-4-ni- 
troaniline, m-nitro-p-toluidine, 2-amino-5-nitrobenzonitrile, p-fluoroaniline, o-fluoroaniline, 3-chloro-4-fluo roan i line, 
2,4-difluoroaniline, 2,3,4-trifluoroaniline, m-aminobenzotrifluoride and 2-amino-3-bromo-5-nltrobenzonitrile. 
[0063] The dihydroxy compound of the general formula (XVI) which is usable for synthesizing the urea-urethane 
compound of the formula (VI) includes diphenols such as 2 t 2-bis(4-hydroxyphenyl)propane, 2,2-bis(hydroxyphenyl) 
butane, 2,2-bis(hydroxyphenyl)pentane, 2,2-bis(hydroxyphenyl)heptane, 4,4'-biphenol, butyl bis(4-hydroxyphenyl)ac- 
etate, benzyl bis (4-hydroxyphenyl)acetate, bis (4-hydroxy phenyl) sulfone, bis(3-methyl-4-hydroxyphenyl) sulfone, bis 
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(3,5-dimethyl-4-hydroxyphenyl) sulfone, bis(2-allyl-4-hydroxyphenyl) sulfone, bis(2-methyl-3-tert-butyl-4-hydroxyphe- 
nyl) sulfide, 4,4 , -dihydroxydiphenyl ether, 4,4'-thlodiphenol, 4,4 , -dihydroxybenzophenone, 2,2-bis(4-hydroxyphenyl) 
hexafluoropropane, 4,4 , -dihydroxydiphenylmethane, 3,3'-dihydroxydiphenylarnine, bis(4-hydroxy-3-methylphenyl) 
sulfide, etc. However, as such diphenols, those having an amino group are not desirable. Since the amino group has 
a higher reactivity towards an isocyanate group than does an OH group, the amino group reacts with the isocyanate 
group before the OH group, so that it is difficult in some cases to obtain the desired compound. 
[0064] The urea-urethane compound of the second aspect of the present invention may be obtained by mixing the 
isocyanate with the corresponding reactants in an organic solvent or without a solvent, reacting them, and then col- 
lecting the resulting crystals by filtration. As each of the reactants, one or more compounds may be used depending 
on purposes. As the solvent, any solvent may be used so long as it does not react with an isocyanate group and the 
functional groups of the reactants. The solvent includes, for example, aliphatic hydrocarbons, alicyclic hydrocarbons, 
aromatic hydrocarbons, chlorinated aliphatic hydrocarbons, chlorinated aromatic hydrocarbons, chlorinated alicyclic 
hydrocarbons, and ketones. Especially preferable are methyl ethyl ketone, toluene and the like, which dissolve the 
isocyanate and in which the reaction product has a low solubility. The reaction product obtained by the above reaction 
procedure is not always a single compound, but is obtained as a mixture of compounds different in the position of a 
substituent, in some cases. 

[0065] Specific examples of the urea-urethane compound of the second aspect of the present invention are the 
following compounds ((E-1) to (E-43)). 
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[0066] The urea-urethane compound of the second aspect of the present invention is useful in the case of, for ex- 
40 ample, recording materials. 

[0067] The urea-urethane compound used as a developer in the third aspect of the present invention refers to a 
compound having at least one urea group (-NHCONH- group) and at least one urethane group (-NHCOO- group) in 
the molecule. 

[0068] It has been known that compounds having one or more urea groups have color-developing effect, but they 
45 have not been practical because they give a low coloring density and have an insufficient shelf stability. However, 

surprisingly, a urea-urethane compound having at least one urea group and at least one urethane group in the molecule 

is an excellent developer for a colorless or light-colored dye precursor, and a color-producing composition comprising 

the urea-urethane compound and the dye precursor and a recording material obtained by using the color-producing 

composition give a high coloring density and have an excellent shelf stability. 
so [0069] Although a mechanism by which such a urea-urethane compound exhibits an excellent color-developing effect 

is unknown, it is conjectured that the effect is due to the interaction between the urea group(s) and the urethane group 

(s) in the molecule. 

[0070] As the urea-urethane compound used as developer in the third aspect of the present invention, any compound 
may be used so long as It has both at least one urea group (-NHCONH- group) and at least one urethane group (- 
55 NHCOO- group) in the molecule. The urea-urethane compound is preferably an aromatic compound or a heterocyclic 
compound. In addition, the urea-urethane compound is preferably a compound in which an aromatic compound residue 
or heterocyclic compound residue is directly bonded to each end of each of the urea group(s) and the urethane group 
(s). It is more preferable that besides the urea group(s) (-NHCONH- group(s)) and urethane group(s) (-NHCOO- group 
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(s)), one or more sulfonic acid groups (-S0 2 - groups), amide groups (-NHCO- groups) or isopropylidene groups (-C 
(CH 3 ) 2 - groups) be present in the molecule without binding directly to the urea group(s). 

[0071] The molecular weight of the urea-urethane compound is preferably 5,000 or less, more preferably 2,000 or 
less. The total number of urea group(s) and urethane group(s) in the urea-urethane compound is preferably 20 or less, 
5 more preferably 10 or less. The ratio of urea group(s) to urethane group(s) in the molecular structure of the urea- 
urethane compound is preferably 1 : 3 to 3 : 1 , in particular, 1 : 2 to 2 : 1 . 

[0072] When used in a heat-sensitive recording material, the urea-urethane compound is preferably one that has a 
melting point. The melting point ranges preferably from 40°C to 500°C, in particular, from 60°C to 300°C. 
[0073] A process for synthesizing the urea-urethane compound used as developer in the third aspect of the present 
10 invention is not particularly limited so long as at least one urea group (-NHCONH- group) and at least one urethane 
group (-NHCOO- group) are formed. A process in which the urea-urethane compound is produced by the reaction of 
an isocyanate compound with an OH group-containing compound and an amine compound is preferable because of 
its ease. 

[0074] In detail, in the case of the urea-urethane compound used as developer in the present invention, an isocyanate 
15 having at least two isocyanate groups is used as a starting material and one or more urethane groups are formed by 
reacting all the isocyanate groups except at least one with an OH group-containing compound, after which one or more 
urea groups can be formed by reacting the remaining isocyanate group(s) with an amine compound. It is also possible 
to form one or more urea groups by reacting all the isocyanate groups except at least one with an amine compound 
at first, and then form one or more urethane groups by reacting the remaining isocyanate group(s) with an OH group- 
20 containing compound. 

[0075] The starting isocyanate is not particularly limited so long as it has two or more isocyanate groups. The starting 
isocyanate includes, for example, p-phenylene diisocyanate, 2,5-dimethoxybenzene-1 ,4-diisocyanate, 2,4-toluene di- 
isocyanate, 2,6-toluene diisocyanate, diphenylmethane diisocyanate, o-tolidine diisocyanate, diphenyl ether diisocy- 
anate, 1 ,5-naphthylene diisocyanate, dianisidine diisocyanate, 9-ethylcarbazole-3,6-diisocyanate, S.S'-dimethyM,^- 

25 diphenylmethane diisocyanate, hexamethylene diisocyanate, isophorone diisocyanate, triphenylmethane triisocy- 
anate, tris(4-phenylisocyanato)thio phosphate, 4,4 , ,4 ,, -triisocyanato-2,5-dimethoxytriphenylamine, 4,4\4 M -triisocyana- 
totriphenylamine, m-xylylene diisocyanate, lysine diisocyanate, dimer acid diisocyanate, isopropylidene bis-4-cy- 
clohexylisocyanate, dicyclohexylmethane diisocyanate and methylcyclohexane diisocyanate. As the starting isocy- 
anate, there may also be used diisocyanate dinners such as N,N , -(4,4 , -dimethyl-3 l 3 , -diphenyldiisocyanato)urethodione 

30 (Desmodule TT, a trade name), a toluene diisocyanate dimer; and diisocyanate trimers such as 4 I 4^4"-trimethyl-3,3 , , 
3 M -triisocyanato-2,4,6-riphenylcyanurate. There may also be used water adduct isocyanates of toluene diisocyanate, 
diphenylmethane diisocyanate and the like, such as 1 ,3-bls(3-isocyanato-4-methylphenyl)urea; polyol adducts such 
as trimethylolpropane adduct of toluene diisocyanate (Desmodule L, a trade name); and amine adducts. There may 
also be used compounds having two or more isocyanate groups, among the isocyanate compounds and isocyanate 

35 adduct compounds described in the specification of JP-A-8-225445 and the specification of JP-A-8-250623. 

[0076] Epecially preferable examples of the starting isocyanate are toluene diisocyanates. Of the toluene diisocy- 
anates, 2.4-toluene diisocyanate is preferable. Besides 2.4-toluene diisocyanate, mixtures of 2.4-toluene diisocyanate 
and 2,6-toluene diisocyanate are generally on the market and available at a low price and may also be used as the 
starting isocyanate. 

40 [0077] As the amine compound that is reacted with the starting isocyanate for the urea-urethane compound as de- 
veloper to form one or more urea groups, any compound may be used so long as it has one or more amino groups. 
The amine compound includes, for example, aromatic amines such as aniline, o-toluidine, m-toluidine, p-toluidine, o- 
anisidine, p-anisidine, p-phenetidine, N,N-dimethylaniline, N,N-diethylaniline, N,N-dimethyl-p-phenylenediamine, N,N- 
diethyl-p-phenylenediamine, 2, 4-dimethoxy aniline, 2, 5-dimethoxy aniline, 3,4-dimethoxyaniline, p-aminoacetanilide, p- 

45 aminobenzoic acid, o-aminophenol, m-aminophenoi, p-aminophenol, 2, 3-xylidine, 2,4-xylidine, 3,4-xylidine, 2,6-xyli- 
dine, 4-aminobenzonitrile, anthranilic acid, p-cresidine, 2,5-dtchloroaniline, 2,6-dichioroaniline, 3,4-dichloroaniline, 
3,5-dichloroaniline, 2,4,5-trichloroaniline, a-naphthylamine, aminoanthracene, o-ethylaniline, o-chloroaniline, m-chlo- 
roaniline, p-chloroaniline, N-methylaniline, N-ethylaniline, N-propyl aniline, N-butylaniline, N,N-diglycidylaniline, N,N- 
diglycidyl-o-toluidine, acetoacetic acid anilide, trimethylphenylammonium bromide, 4,4 , -diamino-3,3'-diethyldiphenyl- 

50 methane, 4,4'-diaminobenzanilide, 3,5-diaminochlorobenzene, diaminodiphenyl ether, 3,3'-dichloro-4,4'-diamin- 
odiphenylmethane, S^'-dimethyl^'-diaminodiphenylmethane, tolidine base, o-phenylenediamine, m-phenylenedi- 
amine, p-phenylenediamine, 2-chloro-p-phenylenediamine, dianisidine, methyl p-aminobenzoate, ethyl p-aminoben- 
zoate, n-propyl p-aminobenzoate, isopropyl p-aminobenzoate, butyl p-aminobenzoate, dodecyl p-aminobenzoate, 
benzyl p-aminobenzoate, o-aminobenzophenone, m-aminoacetophenone, p-aminoacetophenone, m-aminobenza- 

55 mide, o-aminobenzamide, p-aminobenzamide, p-amino-N-methylbenzamide, 3-amino-4-methylbenzamide, 3-amino- 
4-methoxybenzamide, 3-amino-4-chlorobenzamide, p-(N-phenylcarbamoyl)aniline, p-[N-(4-chlorophenyl)- carbamoyl) 
aniline, p-[N-(4-aminophenyl)carbamoyl]aniline, 2-methoxy-5-(N-phenylcarbamoyl)aniline, 2-methoxy-5-[N-(2'-me- 
thyl-3'-chlorophenyl)carbamoyl]aniline, 2-methoxy-5-[N-(2 , -chlorophenyl)carbamoyl]aniline, 5-acety1amino-2-meth- 



35 



EP1 116 713 A1 



oxyaniline, 4-acetylaminoaniline, 4-(N-methyl-N-acetylamino)aniline, 2,5-diethoxy-4-(N-benzoylamino)aniline, 
2,5-dimethoxy-4-(N-ben2oylamino)-aniline,2-methoxy-4-(N-benzoylamino)-5-methylan 4-sulfamoylaniline, 3-sul- 
famoylaniline, 2-(N-ethyl-N-phenylaminosulfonyl)aniline l 4-dimethylaminosulfonylaniline, 4-diethylamInosulfonyl-ani- 
line, sulfathiazole, 4-aminodiphenyl sulfone, 2-chloro-5-N-phenylsulfamoylaniline, 2-methoxy-5-N l N-diethylsulfamoy- 
laniline, 2,5-dimethoxy-4-N-phenysulfamoylaniline, 2-methoxy-5-benzylsulfonylaniline, 2-phenoxysulfonylaniline, 2- 
(2'-chlorophenoxy)sulfonylaniline, 3-anilinosulfonyl-4-methylaniline, bis[4-(m-aminophenoxy)phenyl] sulfone, bis[4-(p- 
aminophenoxy)phenyl] sulfone, bis[3-methyl-4-(p-aminophenoxy)phenyl] sulfone, S.S'-dimethoxy^^'-diarninobiphe- 
nyl.S.S'-dimethyM.^-diaminobiphenyl^^'-di^^^ 

aminobiphenyl, o-tolidine sulfone, 2,4 , -diamlnobiphenyl, 2,2 , -diaminobiphenyl,4,4 , -diaminobiphenyl, 2,2'-dichloro-4,4'- 
diaminobiphenyl, S.S'-dichloro^.^-dlaminobiphenyl, 2,2'-dimethyl-4,4 , -diaminobiphenyl I 4 l 4 , -thiodraniline, 2,2'-drthio- 
dianiline, 4,4'-dithiodianiline, 4,4'-diaminodiphenyl ether, 3,3'-diaminodipheny1 ether, 3,4'-diaminodiphenyl ether, 4,4'- 
diaminodiphenylmethane, S^'-dlaminodiphenylmethane, bis(3-amino-4-chlorophenyl) sulfone, bis(3,4-diaminophe- 
nyl) sulfone, 4,4 , -diaminodiphenyl sulfone, 3,3'-diaminodiphenyl sulfone, S^'-diaminodiphenyl sulfone, S.S'-diamin- 
odiphenylmethane, 4,4-diaminodiphenylamine, 4,4'-ethylenedianiline, 4,4 , -diamino-2,2 , -dimethyldibenzyl, 3,3'-diami- 
nobenzophenone, 4,4'-diaminobenzophenone, 1 ,4-bis(4-aminophenoxy)benzene, 1 ,3-bis(4-aminophenoxy)benzene, 
1 ,3-bis(3-aminophenoxy)benzene, 9,9-bis(4-amlnophenyl)fluorene, 2,2-bis(4-amlnophenoxyphenyl)propane, 4,4 , -bls 
(4-aminophenoxy)-diphenyl, 3,3',4,4Metraaminodiphenyl ether, S.S'A^-tetraaminodiphenyl sulfone, 3,3* ,4,4'- 
tetraaminobenzophenone, 3-aminobenzonitrile, 4-phenoxyaniline, 3-phenoxyaniline, 4,4 , -methylenebis-o-toluidine, 
4,4'-(p-phenyleneisopropylidene)-bis-(2,6-xylidine) I o-chloro-p-nitroaniline, o-nitro-p-chloroanillne, 2,6-dichloro-4-ni- 
troaniline, 5-chloro-2-nitroaniline, 2-amino-4-chlorophenol, o-nitroaniline, m-nitroaniline, p-nitroaniline, 2-methyl-4-ni- 
troaniline, m-nitro-p-toluidine, 2-amino-5-nitrobenzonitrile, Metol, 2,4-diaminophenol, N-(p-hydroxyethyl)-o-aminophe- 
nol sulfate, sulfanllic acid, metanilic acid, 4B acid, C acid, 2B acid, p-fluoroaniline, o-fluoroaniline, 3-ch!oro-4-fluoro- 
aniline, 2,4-difluoroaniline, 2,3,4-trifluoroaniline, m-aminobenzotrifluoride, m-toluylenediamine, 2-aminothiophenol, 

2- amino-3-bromo-5-nitrobenzonrtrile, diphenylamine, p-aminodiphenylamine, octylated diphenylamine, 2-methyl- 
4-methoxydiphenylamine, N.N-diphenyl-p-phenylenediamine, dianisidine, 3,3'-dichlorobenzidine, 4,4 , -diaminostil- 
bene-2,2'-disulfonic acid, benzylethylaniiine, 1 ,8-naphthalenediamine, sodium naphthionate, Tobias acid, H acid, J 
acid, phenyl J acid, 1 ,4-diamino-anthraquinone, 1 ,4-diamino-2,3-dichloroanthraquinone, etc.; heterocyclic compound 
amines such as 3-amino-1 ,2,4-triazole, 2-aminopyridine, 3-aminopyridine, 4-aminopyridine, a-amino-e-caprolactam, 
acetoguanamine, 2,4-diamino-6-[2'-methylimidazolyl-(1 )]ethyI-S-triazine, 2,3-diaminopyridine, 2,5-diaminopyridine, 
2,3,5-triaminopyridine, 1-amino-4-methylpiperazine, 1-(2-aminoethyI)piperazine, bis(aminopropyl)piperazine, N- 
(3-aminopropyl)morpholine, etc.; and aliphatic amines such as methylamine, ethylamine, dimethylamine, diethylamine, 
stearylamine, allylamine, diallylamine, isopropylamine, diisopropylamine, 2-ethylhexylamine, ethanolamine, 3-(2-ethyl- 
hexyloxy)propylamine, 3-ethoxypropylamine, diisobutylamine, 3-(diethylamino)propylamine, di-2-ethylhexylamine, 3- 
(dibutylamlno)propylamine, t-butylamine, propylamine, 3-(methylamino)propylamine, 3-(dimethylamino)propylamine, 

3- methoxypropylamine, methylhydrazine, 1-methylbutylamine, methanediamine, 1 ,4-diaminobutane, cyclohex- 
anemethylamine, cyclohexylamine, 4-methylcyclohexylamine, 2-bromoethylamine, 2-methoxyethylamine, 
2-ethoxymethylamine, 2-amino-1-propanol, 2-aminobutanol, 3-amino-1 ,2-propanediol, 1 ,3-diamino-2-hydroxypro- 
pane, 2-aminoethanethiol, ethylenediamine, diethylenetriamine, hexamethylenediamine, etc. 

[0078] Of the above-exemplified amine compounds, aniline derivatives having at least one amino group and repre- 
sented by the following formula (VIII) are especially preferable: 



wherein R 1p R 2 , R 3 and R 4 are independently a hydrogen atom, a halogen atom, an alkyl group, an alkoxy group or 
an amino group, X t and X 2 are independently an amino group or a group represented by the formula (b): 




(VIII) 
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and is any of -S0 2 -, -O-, -(S) n -, -(CH 2 ) n -, -CO-, -CONH- and a group represented by any of the formulas (a): 




O 



or is absent, and n is 1 or 2. 

[0079] As the OH group-containing compound that is reacted with the isocyanate to form one or more urethane 
groups, any compound may be used so long as it contains one or more QH groups. The OH group-containing compound 
includes, for example, phenols such as phenol, cresol, xyienol, p-ethylphenol, o-isopropylphenol, resorcinol, p-tert- 
butylphenol, p-tert-octy!phenol, 2-cyclohexylphenol, 2-allylphenol, 4-indanol, thymol, 2-naphthol, p-nitrophenol, o-chlo- 
rophenol, p-chlorophenol, 2,2-bis(4-hydroxyphenyl)-propane, 2,2-bis(hydroxyphenyl) butane, 2,2-bis(hydroxy-phenyl) 
pentane, 2,2-bis(hydroxyphenyl)heptane, catechol, 3-methylcatechol, 3-methoxycatechol, pyrogallol, hydroquinone, 
methylhydroquinone, 4-phenylphenol, p,p'-biphenol, 4-cumylphenol, butyl bis(4-hydroxyphenyl)acetate, benzyl bis 
(4-hydroxyphenyl)acetate, bis(4-hydroxyphenyl) sulfone, bis(3-methyl-4-hydroxyphenyl) sulfone, bis^-dimethyl- 
4-hydroxyphenyl) sulfone, 4-hydroxyphenyl-4-methylphenyl sulfone, S-chloro^-hydroxyphenyM'-methylphenyl sul- 
fone, 3,4-dihydroxyphenyl-4'-methylphenyl sulfone, 4-isopropyloxyphenyl-4'-hydroxyphenyI sulfone, bis(2-a1lyl-4-hy- 
droxyphenyl) sulfone, 4-hydroxyphenyl-4'-benzyloxyphenyl sulfone, 4-isopropy!phenyl-4 , -hydroxyphenyl sulfone, 4-hy- 
droxy-4'-isopropoxydiphenyl sulfone, bis(2-methyl-3-tert-butyl-4~hydroxyphenyl) sulfide, 4,4 , -dihydroxydiphenyl ether, 
4,4'-thiodiphenol, 4,4'-dihydroxybenzophenone, 2,2-bis(4-hydroxyphenyl)hexafluoropropane, 4,4'-dihydroxydiphenyl- 
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methane, S.S'-dihydroxydiphenylamine, bis(4-hydroxy-3-methylphenyl) sulfide, bis(4-(2-hydroxy)phenyl) sulfone, 

2.4- dihydroxybenzophenone, 2,2 , ,4,4'-tetrahydroxybenzophenone, phenyl salicylate, salicylanilide, methyl 4-hydroxy- 
benzoate, benzyl 4-hydroxybenzoate, (4*-chlorobenzyl) 4-hydroxybenzoate, ethyl 1,2-bis(4'-hydroxybenzoate), pentyl 

1 .5- bis(4'-hydroxybenzoate), hexyl 1 .S-bis^'-hydroxybenzoate), dimethyl 3-hydroxyphthalate, stearyl gallate, lauryl 
gallate, methyl gallate, 4-methoxyphenol, 4-(benzyloxy)phenol, 4-hydroxybenzaldehyde, 4-n-octyloxysalicylic acid, 
4-n-butyloxysalicylic acid, 4-n-pentyloxysalicylic acid, 3-n-dodecyloxysalicylic acid, 3-n-octanoyloxysalicylic acid, 4-n- 
octyloxycarbonylaminosalicylic acid, 4-n-octanoyIoxy-carbonylaminosalicylic acid, etc. However, as such phenols, 
those having an amino group are not desirable. Since the amino group has a higher reactivity towards the isocyanate 
group than does an OH group, the amino group reacts with the isocyanate group before the OH group, so that it is 
difficult in some cases to obtain the desired compound. The OH group-containing compound also includes alcohols 
such as methanol, ethanol, propanol, butanol, pentanol, hexanol, heptanol, octanol, isopropanol, iosbutanol, isopen- 
tanol, 2-ethyl-1 -hexanol, 1 -decanol, 2-pentanol, 3-hexanol, tert-butanol, tert-amyl alcohol, methyl Cellosolve, butyl Cel- 
losolve, methyl Carbitol, allyl alcohol, 2-methyl-2-propen-1-ol, benzyl alcohol, 4-pyridinemethanol, phenyl Cellosolve, 
furfuryl alcohol, cyclohexanol, cyclohexylmethanol, cyclopentanol, 2-chloroethanol, 1-chloro-3-hydroxypropane, glyc- 
erin, glycerol, etc.; polyether type polyols such as polypropylene glycols, polytetramethylene ether glycols, adipate- 
derived polyols, epoxy-modified polyols, polyether ester polyols, polycarbonate polyols, polycaprolactone diols, phe- 
nolic polyols, amine-modified polyols, etc.; and polyols such as ethylene glycol, diethylene glycol, 1 ,3-propanediol, 
1 ,2-propanediol, propylene glycol, dipropylene glycol, 1 ,4-butanediol, 1 ,5-pentanediol, 1 ,6-hexanediol, 1 ,6-hexane gly- 
col, 1,9-nonanediol, acryl polyols, fluorocarbon polyols, polybutadiene polyols, polyhydroxy polyols, trimethylolpro- 
pane, trimethylolethane, hexanetriol, phosphoric acid, neopentyl glycol, pentaerythritol, castor-oil-derived polyols, pol- 
ymer polyols, methylpentanediol, halogen-containing polyols, phosphorus-containing polyols, ethylenediamine, cc- 
methylglucoside, sorbitol, sucrose, etc. 

[0080] As the urea-urethane compound used as developer in the fourth aspect of the present invention, the urea- 
urethane compound of the first aspect of the present invention can be used. A process for synthesizing this compound 
is as already described in detail in the explanation of the first aspect of the present invention. 

[0081] As the urea-urethane compound used as developer in the fifth aspect of the present invention, the urea- 
urethane compound represented by any of the general formulas (I) to (VI) of the second aspect of the present invention 
and a urea-urethane compound represented by the general formula (VII) can be used. A process for synthesizing the 
urea-urethane compound represented by any of the general formulas (I) to (VI) is as already described in detail in the 
explanation of the second aspect of the present invention. A process for synthesizing the urea-urethane compound of 
the general formula (VII) is not particularly limited. This compound can be obtained, for example, by reacting an OH 
group-containing compound of the general formula (IX) with an isocyanate compound of the general formula (XII) and 
an amine compound of the general formula (XI) according to, for instance, the following reaction formula (L). 



X-OH + OCN-Y-NCO ► X-O-C-N-Y-NCO 

O O O 

II H II H H I' H 

X-O-C-N-Y-NCO + Z-NH 2 ► X-O-C-N-Y-N-C-N-Z 



[0082] As the substituent of X bonded to the urethane group of the urea-urethane compound of the general formula 
(VII), alkyl groups, alkenyl groups, phenyl group, cycloalkyl groups, amide group, alkoxyl groups, nitro group, nitroso 
group, nitrile group, toluenesulfonyl group, methanesulfonyl group, acetyl group, halogen atoms, formyl group, di- 
alkylamino groups and isocyanate group are preferable. 

[0083] Of such urea-urethane compounds of the general formulas (I) to (VII) as developer, compounds of the general 
formulas (II) to (VI) are preferable and compounds of the general formulas (V) and (VI) are especially preferable. 
[0084] In the case of the urea-urethane compound used as developer in the third aspect of the present invention 
and the compounds of any of the general formulas (I) to (VI) and the general formula (VII) as developer, if a residue 
bonded to their urea group or urethane group is an aliphatic compound residue, the coloring density and the print- 
preserving capability are deteriorated in some cases. Therefore, the residue bonded to the urea group or urethane 
group is preferably an aromatic compound residue or a heterocyclic compound residue. However, the deterioration of 
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the coloring density and the print-preserving capability which is likely to be caused by the introduction of an aliphatic 
compound residue is reduced by an Increase in the total number of the urea group(s) and urethane group(s). In the 
case of compounds of the formula (III) and the formula (IV), even if an aliphatic compound residue is among residues 
bonded to the urea group(s) or urethane group(s), almost no problem about performance characteristics is caused. 
[0085] The urea-urethane compound used as developer in the present invention is usually a colorless or light-colored 
compound that is solid at ordinary temperature. 

[0086] The molecular weight of the urea-urethane compound used as developer in the present invention is preferably 
5,000 or less, more preferably 2,000 or less. 

[0087] The total number of urea group(s) and urethane group(s) in the urea-urethane compound used as developer 
in the present invention is preferably 20 or less, more preferably 10 or less. The ratio of urea group(s) to urethane 
group(s) in the molecular structure of the urea-urethane compound is preferably 1 : 3 to 3 : 1 , in particular, 1 : 2 to 2 : 1 . 
[0088] When used in a heat-sensitive recording material, the melting point of urea-urethane compound used as 
developer in the present invention is preferably a compound having a melting point, and its melting point ranges pref- 
erably from 40°C to 500°C, in particular, from 60°C to 300°C. 

[0089] For producing a recording material by using the urea-urethane compound as developer, the urea-urethane 
compound of one kind or, if necessary, a combination of the urea-urethane compounds of two or more kinds may be 
used. 

[0090] The colorless or light-colored dye precursor used in the present invention is a compound well known as a 
colorf ormer used in pressure-sensitive recording materials and heat-sensitive recording materials and is not particularly 
limited. As the dye precursor, electron-donating dye precursors are preferable. Leuco dyes, in particular, triarylmethane 
type leuco dyes, fluoran type leuco dyes, fluorene type leuco dyes, diphenylmethane type leuco dyes and the like are 
more preferable. Typical examples of the dye precursor are given below. 

(1) Triarylmethane type compounds 

[0091] 3,3-bis(p-dimethylaminophenyl)-6-dimethylaminophthalide (Crystal Violet lactone), 3,3-bis(p-dtmethy1ami- 
nophenyl)phthalide, 3-(p-dimethylaminophenyl)-3-(1,2-dimethylindol-3-yl)phthalide, 3-(p-dimethylaminophenyl)-3- 
(2-methylindol-3-yl)phthalide, S-Cp-dimethylaminophenyO-S^-phenylindol-S-yOphthalide, 3,3-bis(1 ,2-dimethylindol- 
3-yl)-5-dimethylaminophthalide, 3,3-bis(1 ^-dimethylindol-S-yO-e-dimethylaminophthalide, 3,3-bis(9-ethylcarbazol- 
3-y1)-5-dimethylaminophthalide, 3,3-bis(2-phenylindol-3-yl)-5-dimethylaminophthalide, 3-p-dimethylaminophenyl-3- 
(1 -methylpyrrol-2-yl)-6-dimethylaminophthalide, etc. 

(2) Diphenylmethane type compounds 

[0092] 4 l 4*-bis-dimethylaminophenylbenzhydryl benzyl ether, N-halophenylleucoauramines, N-2,4,5-trichlorophe- 
nylleucoauramine, etc. 

(3) Xanthene type compounds 

[0093] Rhodamlne B anilinolactam, Rhodamine B-p-chloroanitinolactam, 3-diethylamino-7-dibenzylaminofluoran, 
3-diethylamtno-7-octylaminofluoran, 3-diethylamino-7-phenylfluoran, 3-diethylamino-7-chlorofluoran, 3-diethylamino- 

6- chloro-7-methylfluoran, 3-diethylamino-7-(3,4-dichloroanilino)fluoran, 3-diethylamino-7-(2-ch!oroanilino)fluoran, 
3-diethylamino-6-methyl-7-anilinofluoran, 3-(N-ethyl-N-tolyl)amino-6-methyl-7- anilinofluoran, 3-piperidino-6-methyl- 

7- anilinofluoran 1 3-(N-ethyl-N-tolyl)amino-6-methyl-7-phenethylfluoran, 3-diethylamino-7-(4-nitroanilino)fluoran, 3-dib- 
utylamino-6-methyl-7-anilinofluoran, 3-(N-methyl-N-propyI)amino-6-methyl-7-anilinofluoran, 3-(N-ethyl-N-isoamyl) 
amino-S-methyl^-anilinofluoran.S-CN-methyl-N-cyclohexyOamino-e-methyl^-anilinofluoran, 3-(N-ethyl-N-tetrahydro- 
furyl)amino-6-methyl-7-anilinofluoran, etc. 

(4) Thlazine type compounds 

[0094] benzoylleucomethylene blue, p-nitrobenzoylleucornethylene blue, etc. 

(5) Spiro-compounds 

[0095] 3-methylsplrodinaphthopyran, 3-ethylspirodinaphthopyran, 3,3-dichlorospirodinaphthopyran, 3-benzylspiro- 
dinaphthopyran, 3-methylnaphtho-(3-methoxybenzo)spiropyran, 3-propylspi robe nzopy ran, etc. 
[0096] The dye precursor also includes, for example, the following compounds that can absorb a near infrared ray: 
S.e-bisfdimethylaminoJfluorene-Q-spiro-S'-CB'-dimethylaminophthalide), 3-diethylamino-6-dimethylaminoftuorene- 
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Q-spiro-S'-fS'-dimethylaminophthalide), 3 l 6-bis(diethylamino)fluorene-9-spiro-3 , -(6 , -dimethylaminophthalide), 3-dib- 
utylamino-e-dimethylaminofluorene-Q-spiro-S'-tS'-dimethylaminophthaiide), 3-dibutylamino-6-diethylaminofluorene- 
9-spiro-3 , -(6'-dimethylaminophthalide), 3,6-bis(dimethylamino)fluorene-9-spiro-3'-(6 , -diethylaminophthalide), 3-di- 
ethylamino-S-dimethylaminofluorene-Q-spiro-S'^e'-diethylaminophthalide), 3-dibutylamino-6-dimethylaminofluorene- 
9-spiro-3'-(6'-diethylaminophthalide), 3,6-bis(diethylamino)fiuorene-9-spiro-3 , -(6 , -diethylanriinophthalide) l 3,6-bis 
(dimethylamino)fluorene-9-spiro-3'-(6 , -dibutylaminophthalide), 3-dibutylamino-6-diethylaminofluorene-9-spiro-3 , ~(6 , - 
diethylaminophthalide), S-diethylamino-S-dimethylaminofluorene-g-spiro-S'-fe'-dibutylaiTiinophthalide), 3,3-bis[2- 
(4-dimethylaminophenyl)-2-(4-rnethoxyphenyl)ethenyl]-4 1 5,6 l 7-tetrachlorophthalide 1 etc. 

[0097] The urea-urethane compound as developer is used in a proportion of preferably 5 to 1 ,000 parts by weight, 
more preferably 20 to 500 parts by weight, per 100 parts by weight of the colorless or light-colored dye precursor. As 
the proportion of the urea-urethane compound as developer, 5 parts by weight or more is sufficient to allow the dye 
precursor to develop a color. At such a proportion, the coloring density is high. When the proportion of the urea-urethane 
compound as developer is 1 ,000 parts by weight or less, the urea-urethane compound as developer hardly remains 
as a surplus, and this is economically advantageous and hence preferable. 

[0098] The incorporation of an isocyanate compound into the color-producing composition of the present invention 
improves the shelf stability of the composition. The isocyanate compound incorporated into the color-producing com- 
position of the present invention refers to a colorless or light-cotored, aromatic or heterocyclic isocyanate compound 
that is solid at ordinary temperature. For example, one or more of the following isocyanate compounds are used. 
[0099] The isocyanate compound incorporated includes 2,6-dichlorophenyl isocyanate, p-chlorophenyl isocyanate, 

1 .3- phenylene diisocyanate, 1 ,4-phenylene diisocyanate, 1 ,3-dimethy I benzene-4,6-di isocyanate, 1 ,4-dimethylben- 
zene-2,5-diisocyanate, 1-methoxybenzene-2,4-diisocyanate, 1-methoxybenzene-2,5-diisocyanate, 1 -ethoxybenzene- 

2.4- diisocyanate, 2,5-dimethoxybenzene-1 ,4-diisocyanate, 2,5-diethoxylbenzene-1 ,4-di isocyanate, 2,5-dibutoxyben- 
zene-1,4-diisocyanate, azobenzene-4 ( 4'-diisocyanate, diphenyl ether-4 ,4* -diisocyanate, naphthalene-1 ,4-diisocy- 
anate, naphthalene- 1 ,5-diisocyanate, naphthalene-2,6-diisocyanate, naphthalene-2,7-diisocyanate, 3,3-dimethyl-bi- 
phenyl-4,4'-diisocyanate, 3, 3'-dimethoxybiphenyl-4,4' -diisocyanate, diphenylmethane-4,4 4 -diisocyanate, diphenyld- 
imethylmethane-4,4' -diisocyanate, benzophenone-3,3'-diisocyanate, fluorene-2,7-diisocyanate, anthraquinone- 
2,6-diisocyanate, 9-ethylcarbazole-3,6-diisocyanate, pyrene-3,8-diisocyanate, naphthalene-1 ,3,7-triisocyanate, bi- 
phenyl-2,4,4'-triisocyanate, 4,4 , ,4 n -triisocyanato-2,5-dimethoxytriphenylmethane, 4,4\4"-triisocyanatotriphenylamine, 
p-dimethylaminophenyl isocyanate, tris(4-phenylisocyanato)thlophosphate, etc. If necessary, these isocyanates may 
be used in the form of a so-called block isocyanate, i.e., an addition compound with a phenol, lactam, oxime or the 
like, they may be used in the form of a diisocyanate dimer such as 1 -methylbenzene-2 ,4-di isocyanate dimer, or a 
dilsocyan urate trimer as an isocyan urate, and they may be used In the form of a poly isocyanate obtained as an adduct 
by the use of any of various polyois and the like. There may also be used water adduct isocyanates of 2,4-toluene 
diisocyanate, diphenylmethane diisocyanate and the like, such as 1 ,3-bis(3-isocyanato-4-methylphenyl)urea; polyol 
adducts such as trimethylolpropane adduct of toluene diisocyanate (Desmodule L, a trade name); phenol adduct iso- 
cyanates; amine adduct isocyanates; and the isocyanate compounds and isocyanate adduct compounds described in 
the specification of JP-A-1 0-76757 and the specification of JP-A-1 0-951 71 . 

[0100] The isocyanate compound is used in a proportion of preferably 5 to 500 parts by weight, more preferably 20 
to 200 parts by weight, per 1 00 parts by weight of the colorless or light-colored dye precursor. When the proportion of 
the isocyanate compound is 5 parts by weight or more, a sufficient improving effect on the shelf stability can be obtained 
and the coloring density is high. When the proportion of the isocyanate compound is 500 parts by weight or less, the 
isocyanate compound hardly remains as a surplus, and this is economically advantageous and hence preferable. 
[0101] The incorporation of an imino compound into the color-producing composition of the present invention further 
improves the shelf stability. 

[0102] The imino compound that can be incorporated into the color-producing composition of the present invention 
is a colorless or light-colored compound that has at least one imino group and is solid at ordinary temperatures. Two 
or more imino compounds may be incorporated in combination, depending on purposes. As the imino compound, those 
described in JP-A-9-142032 can be mentioned, and the contents of this reference are hereby incorporated herein by 
reference. Of the imino compounds described in the reference, iminoisoindoiine derivatives are preferable, and 1 ,3-di- 
imino-4,5,6,7-tetrachloroisoindoline, 3-imino-4,5,6,7-tetrachloroisoindolin-1-one and 1 ,3-diimino-4,5,6,7-tetrabromoi- 
soindoline are more preferable. 

[01 03] The imino compound is used in a proportion of preferably 5 to 500 parts by weight, more preferably 20 to 200 
parts by weight, per 100 parts by weight of the colorless or light-colored dye precursor. When the proportion of the 
imino compound is 5 parts by weight or more, an improving effect on the shelf stability is obtained. When the proportion 
of the imino compound is 500 parts by weight or less, the imino compound hardly remains as a surplus, and this is 
economically advantageous and hence preferable. 

[0104] In addition, the incorporation of an amino compound into the color-producing composition of the present in- 
vention improves the preservability of an original recording material surface and print. The amino compound that can 
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be incorporated is a colorless or light-colored substance having at least one primary, secondary ortertiary amino group. 
As such an amino compound .those described in JP-A-9-142032 can be mentioned. Of the amino compounds described 
in this reference, aniline derivatives having at least one amino group and represented by the following formula (VIII) 
are especially preferable: 



10 




(VIII) 



15 



wherein R 1p R 2l R 3 and R 4 are independently a hydrogen atom, a halogen atom, an alkyl group, an alkoxy group or 
an amino group, X., and X 2 are independently an amino group or a group represented by the formula (b): 



20 




(b) 
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30 
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and Y n is any of -S0 2 -, -O-, -(S) n - ( -(CH 2 ) n -, -CO-, -CONH- and a group represented by any of the formulas (a): 
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0 



or is absent, and n is 1 or 2. 

[0105] These amino compounds may be used singly or as a mixture thereof. For improving the print preservability 
in the plasticizer resistance, the proportion of the amino compound is preferably 1 to 500 parts by weight per 100 parts 
by weight of the colorless or light-colored dye precursor. When the content of the amino compound is 1 part by weight 
or more per part of the urea-urethane compound, the print preservability can be improved. When the content is 500 
parts by weight or less, performance characteristics of the resulting composition can be sufficiently improved and such 
a content is advantageous from the viewpoint of cost. 

[0106] The incorporation of also an acidic developer into the color-producing composition of the present invention 
improves the sensitivity and enables the color-producing composition to produce a brilliant color. 
[0107] As the acidic developer that is used when the color-producing composition of the present invention is used 
in a heat-sensitive recording material, conventional electron-accepting materials are used and, in particular, phenol 
derivatives; aromatic carboxylic acid derivatives or their metal compounds; salicylic acid derivatives or their metal salts; 
N,N-diarylthiourea derivatives; sulfonylurea derivatives; etc. are preferable. The phenol derivatives are especially pref- 
erable. Specific examples of the phenol derivatives are 2,2-bis(4-hydroxyphenyl)propane, 2,2-bis(hydroxyphenyl)bu- 
tane, 2,2-bis(hydroxyphenyl)pentane, 2,2-bis(hydroxyphenyl)heptane, 1 ,1-bis(4-hydroxyphenyl)-cyclohexane, butyl 
bis(4-hydroxyphenyl)acetate, benzyl bis (4-hydroxypheny I) acetate, bis(4-hydroxyphenyl) sulfone, bis(3 -methyl -4-hy- 
droxyphenyl) sulfone, 4-hydroxyphenyl-4'-methylphenyl sulfone, 3-chloro-4-hydroxyphenyl-4'-methylphenyl sulfone, 
S^-dihydroxyphenyM'-methylpheriyl sulfone, 4-isopropylphenyl-4 , -hydroxyphenyl sulfone, 4-isopropyloxyphenyl-4'- 
hydroxyphenyl sulfone, bis(2-allyl-4-hydroxypheny1) sulfone, 4-hydroxyphenyl-4'-benzyloxyphenyl sulfone, 4-isopro- 
pylphenyW-hydroxyphenyl sulfone, bis(2-methyl-3-tert-butyl-4-hydroxyphenyl) sulfide, methyl 4-hydroxybenzoate, 
benzyl 4-hydroxybenzoate, (4'-chlorobenzyl) 4-hydroxybenzoate, ethyl 1 ,2-bis(4'-hydroxybenzoate), pentyl 1 ( 5-bis(4'- 
hydroxybenzoate), hexyl 1 ,6-bis(4'-hydroxybenzoate), dimethyl 3-hydroxyphthalate, stearyl gallate, lauryl gallate, etc. 
The salicylic acid derivatives include 4-n-octyloxysalicylic acid, 4-n-butyloxysalicylic acid, 4-n-pentyloxysalicyIic acid, 
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3-n-dodecyloxysalicyltc acid, 3-n-octanoyloxysalicylic acid, 4-n-octyloxycarbonyiaminosalicylic acid, 4-n-octanoyloxy- 
carbonylaminosalicylic acid, etc. The sulfonylurea derivatives include, for example, compounds containing one or more 
arylsulfonylaminoureido groups, such as 4,4-bis(p-toluenesulfonylaminocarbonylamino)diphenylmethane i 4,4-bis(o- 
toluenesulfonylaminocarbonylamino)diphenylmethane, 4 t 4-bis(p-toluenesuifonylaminocarbonyiamino)diphenyl 
sulfide, 4,4-bis(p-toluenesulfonylaminocarbonylamino)diphenyl ether, N^p-toiuenesulfonylJ-N'-phenylurea, etc. 
[0108] In order to improve fog, the thermal response and the like, it is also possible to add phenolic compounds such 
as N-stearyl-N>(2-hydroxyphenyl)urea, N-stearyl-N'-(3-hydroxyphenyi)urea t N-stearyl-N , -(4-hydroxyphenyl)urea, p- 
stearoylaminophenol, o-stearoylaminophenol, p-lauroylaminophenol, p-butyrylaminophenol, m-acetylaminophenol, o- 
acetylaminophenol, p-acetyiaminophenol, o-butylaminocarbonylphenol, o-stearylaminocarbonylphenol, p-stearylami- 
nocarbonylphenol, 1 ,1 ,3-tris(3-tert-butyl-4-hydroxy-6-methylphenyl)butane, 1 ,1 ,3-tris(3-tert-butyl-4-hydroxy-6-ethyl- 
phenyl)butane, 1 ,1 ,3-tris(3,5-d!-tert-butyl-4-hydroxyphenyl)butane, 1 ,1 ,3-tris(3-tert-butyl-4-hydroxy-6-methylphenyl) 
propane, 1 ^^-^(S-tert-butyl^-hydroxy-e-methylphenyObutane, 1 ,1 ,3-tris(3-phenyi-4-hydroxyphenyl)butane, 
1 ,1 ,3-tris(3-cyclohexyl-4-hydroxy-5-methylphenyl)butane, 1 ,1 .S-trisCS-cyclohexyM-hydroxy-S-methylphenyObutane, 
1 ,1 ,3-tetra(3-pheny)-4-hydroxyphenyl)propane, 1 .S^-tetraCS-cyclohexyW-hydroxy-S-methyiphenyOpropane, 1 ,1 -bis 
(3-tert-butyl-4-hydroxy-6-methylphenyl)butane, 1 ,1 -bis(3-cyclohexyl-4-hydroxy-6-methylphenyl)butane, etc. 
[0109] The above-mentioned acidic developer is used in a proportion of preferably 5 to 500 parts by weight, more 
preferably 20 to 200 parts by weight, per 1 00 parts by weight of the colorless or light-colored dye precursor. When the 
proportion of the acidic developer is 5 parts by weight or more, the color development of the dye precursor is satisfactory 
and the coloring density is high. When the proportion of the acidic developer is 500 parts by weight or less, the acidic 
developer hardly remains, and this is economically advantageous and hence preferable. 

[0110] Also when the color-producing composition of the present invention is used in a pressure-sensitive recording 
material, the incorporation of an acidic developer into the color-producing composition improves the coloring density 
and enables the pressure-sensitive recording material to produce a brilliant color. 

[0111] Also as this acidic developer, an electron-accepting material is used. The acidic developer includes, for ex- 
ample, inorganic compounds such as acid clay, activated clay, attapulgite, bentonite, zeolite, colloidal silica, magnesium 
silicate, talc, aluminum silicate, etc.; phenol, cresol, butylphenol, octylphenol, phenylphenol, chlorophenol, salicylic 
acid and the like, or aldehyde condensation novolak resins derived therefrom and their metal salts; and salicylic acid 
derivatives such as 3-isopropylsalicylic acid, 3-phenylsalicylic acid, 3-cyclohexylsalicylic acid, 3,5-di-t-butylsalicylic 
acid, 3,5-di(a-methylbenzyl)salicyIic acid, 3,5-di-t-octyIsalicylic acid, 3-methyl-5-benzylsalicylic acid, 3,5-di(a,ct- 
dimethylbenzyl)salicylic acid, 3-phenyl-5-(a,a-dimethylbenzyl)salicy1ic, etc. and metal salts thereof. 
[0112] The color-producing composition of the present invention can be made into a recording material by forming 
a color-producing layer of the composition on some substrate by a method such as coating. The structure of the re- 
cording material is varied depending on the kind of the recording material. 

[0113] The color-producing composition of the present invention can be used in any of various recording materials 
such as heat-sensitive recording materials, pressure-sensitive recording materials and the like, and is suitable partic- 
ularly for the heat-sensitive recording materials. 

[01 1 4] When the color-producing composition is used in a heat-sensitive recording material, a heat-sensitive record- 
ing layer capable of producing a color on heating is formed on a substrate. Specifically, the above-mentioned urea- 
urethane compound, the above-mentioned colorless or light-colored dye precursor such as a leuco dye, and the heat- 
meltable material described hereinafter, and the like should be applied on a substrate, each in the form of a dispersion 
together with other necessary components to form a heat-sensitive recording layer. The dispersion is prepared by finely 
grinding one or more compounds as each of the components described above, with a sand grinder or the like in an 
aqueous solution containing a compound having dispersing capability, such as a water-soluble polymer, a surfactant 
or the like. The particle size of each of the dispersions thus obtained is preferably adjusted to 0. 1 to 1 0 \xm, In particular, 
to about 1 jim. Specific examples of the compound having dispersing capability which can be used in the present 
invention are water-soluble polymers such as polyvinyl alcohol)s, carboxylic acid-modified polyvinyl alcohol)s, sulfonic 
acid-modified polyvinyl alcohol)s, methyl cellulose, hydroxypropylmethyl cellulose, hydroxypropyl cellulose, etc.; an- 
ionic surfactants such as condensation naphthalene sulfonates, poly oxy ethylene alkyl ether sulfuric acid ester salts 
(e.g. sodium polyoxyethylene lauryl ether sulfates, sodium polyoxyethylene alkyl ether sulfates and sodium polyox- 
yethylene alkyl phenyl ether sulfates), dialkylsulfosuccinic acid ester sodium, alkylphosphates (e.g. diethanolamine 
alkylphosphates and potassium alkylphosphates), specialty carboxylic acid-based polymers, etc.; nonionic surfactants 
such as polyoxyethylene alkyl ethers, polyoxyethylene alky phenyl ethers, polyoxyethylene sorbitan fatty acid esters, 
fatty acid monoglycerides, polyethylene glycol fatty acid esters, etc.; andcationic surfactants such as dicyanamidopol- 
yamlnes, tertiary amine salts, quaternary ammonium salts, etc. Of these, the polyvinyl alcohols, carboxylic acid-mod- 
ified polyvinyl alcohols, sulfonic acid-modified polyvinyl alcohols and methyl cellulose are especially preferable. The 
a bo Ve _ eX emplified surfactants may be used singly or as a mixture thereof. Particularly when the urea-urethane com- 
pound is subjected to wet grinding in an aqueous medium, the compound is preferably ground in a neutral pH range 
of 5 to 10 while maintaining the temperature of the aqueous medium at 60°C or lower. The pH of a coating liquid 
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containing the urea-urethane compound and the colorless or light-colored dye precursor is preferably 5 to 12. 
[0115] The heat-sensitive recording layer may contain, besides the components described above, pigments such 
as diatom aceous earth, tatc, kaolin, calcined kaolin, calcium carbonate, magnesium carbonate, titanium oxide, zinc 
oxide, silicon oxide, aluminum hydroxide, urea-formaldehyde resin, etc. In addition, the heat-sensitive recording layer 

5 may, if necessary, contain metal salts of higher fatty acids, such as zinc stearate, calcium stearate, etc.; and waxes 
such as paraffin, oxidized paraffin, poly ethylenes, oxidized polyethylenes, stearamide, cator wax, etc., for the purpose 
of, for example, preventing the wear of a head and sticking. If necessary, the heat-sensitive recording layer may also 
contain dispersing agents such as sodium dioctylsulfosuccinate, etc.; ultraviolet absorbers of benzophenone type, 
benzotriazole type and the like; surfactants; fluorescent dyes; etc. 

10 [0116] As a binder usable for forming the heat-sensitive recording layer, there can be mentioned, for example, water- 
soluble binders such as starches, hydroxyethyl cellulose, methyl cellulose, carboxymethyl cellulose, gelatin, casein, 
polyvinyl alcohol)s, modified polyvinyl alcohol)s, sodium poly(acrylate)s, acrylamide-acrylic ester copolymers, acry- 
l amide- acrylic ester-methacrylic acid terpolymers, alkali salts of styrene-maleic anhydride copolymers, alkali salts of 
ethylene-maleic anhydride copolymers, etc.; and latex type water-insoluble binders of sty re ne- butadiene copolymers, 

is acrylonitrile-butadiene copolymers, methyl acrylate-butadiene copolymers, etc. 

[0117] As the substrate for the heat-sensitive recording layer, paper is mainly used, though any of various woven 
fabrics, no n woven fabrics, synthetic resin films, laminated papers, synthetic papers, metal foils, and composite sheets 
obtained by combining two or more of them may be used besides paper, depending on their purpose. The heat-sensitive 
recording layer may be composed of either a single layer or two or more layers. The heat-sensitive recording layer 

20 may have, for example, a multilayer structure formed by incorporating each color-producing component into one layer. 
A protective layer composed of a single layer or two or more layers may be formed on the heat-sensitive recording 
layer, and an intermediate layer composed of a single layer or two or more layers may also be formed between the 
substrate and the heat-sensitive recording layer. The heat-sensitive recording layer can be obtained by mixing aqueous 
dispersions prepared by fine grinding of each color-producing component or any other component, with a binder and 

25 the like, applying the resulting mixture on the substrate, and drying the mixture. The coating amount of this coating 
liquid is preferably 1 to 15 g/m 2 when the coating liquid is in a dried state. 

[0118] When the color-producing composition of the present invention is used in a heat-sensitive recording material, 
a heat-meltable material may be incorporated into the color-producing composition in order to improve the sensitivity. 
The heat-meltable material is preferably one which has a melting point of 60°Cto 180°C, in particular, one which has 

30 a melting point of 80°C to 140°C. The heat-meltable material includes, for example, benzyl p-benzyloxybenzoate, 
stearamide, palmitamide, N-methylolstearamide, p-naphthyl benzyl ether, N-stearylurea, N.N'-distearylurea, phenyl p- 
naphthoate, phenyl 1-hydroxy-2-naphthoate, p-naphthol (p-methylbenzyl) ether, 1 ,4-dimethoxynaphthalene, 1-meth- 
oxy-4-benzyloxynaphthalene, N-stearoylurea, p-benzylbiphenyl, 1 ,2-di(m-methylphenoxy)ethane, 1-phenoxy-2- 
(4-chlorophenoxy)ethane, 1 ,4-butanediol phenyl ether, dimethyl terephthalate, m-terphenyl, dibenzyl oxalate and (p- 

35 chlorobenzyl) oxalate. As the heat-meltable material, there may also be used 4,4'-dimethoxybenzophenone, 4,4'- 
dichlorobenzophenone, 4 l 4 , -difluorobenzophenone, diphenyl sulfone, 4,4'-dichlorodiphenyl sulfone, 4,4-difluorodiphe- 
nyl sulfone, 4,4 , -dichlorodiphenyl disulfide, diphenylamine, 2-methyl-4-methoxydiphenylamine, N,N'-diphenyl-p-phe- 
nylenediamine, 1-(N-phenylamino)naphthalene, benzil, 1 ,3-diphenyl-1 ,3-propanedione, etc. 
[0119] Of these, diphenyl sulfone is preferably used. 

40 [0120] The above-exemplified heat-meltable materials may be used singly or as a mixture thereof. For attaining a 
sufficient thermal response, the heat-meltable material is used in a proportion of preferably 10 to 300 parts by weight, 
more preferably 20 to 250 parts by weight, per 1 00 parts by weight of the colorless or light-colored dye precursor. 
[0121] When the recording material is a pressure-sensitive recording material, it can have, for example, the forms 
disclosed in U.S. Patent Nos. 2505470, 2712507, 2730456, 2730457 and 3418250, etc. That is, various forms such 

45 as the following forms can be employed: pressure-sensitive recording paper obtained by dissolving the dye precursor 
or a mixture of the dye precursors in a solvent consisting of one of or a mixture of two or more of alkylated naphthalenes, 
alkylated diphenyls, alkylated diphenylmethanes, alkylated diarylethanes, synthetic oils (e.g. chlorinated paraffin), veg- 
etable oils, animal oils, mineral oils, etc., dispersing the resulting solution in a binder or incorporating the solution into 
microcapsules, applying the dispersion on a substrate or applying the microcapsules on a substrate together with a 

so binder, and placing the upper paper thus obtained and under paper coated with a dispersion of the urea-urethane 
compound (and an amino compound and/or a developer, etc.), one upon the other so that their coated surfaces face 
each other; a pressure-sensitive recording paper obtained by holding, between the above-mentioned upper paper and 
under paper, an intermediate paper coated with a dispersion of the urea-urethane compound on one side and the dye 
precursor on the other side; a self-type pressure-sensitive recording paper obtained by applying the above-mentioned 

55 dispersion of the urea-urethane compound (and an amino compound and/or a developer) and the above-mentioned 
dispersion containing the dye precursor, on the same surface of a substrate as a mixture or in a multilayer form; and 
a self-type pressure-sensitive recording paper obtained by making each of the dye precursor and the urea-urethane 
compound (and an amino compound and/or a developer) into microcapsules, and applying a mixture of the microcap- 
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sules of the two kinds on the same surface of a substrate. 

[0122] As a process for producing microcapsules, there can be adopted, for example, the coacervation processes 
disclosed in U.S. Patent Nos. 2800457 and 2800458, the interfacial polymerization processes disclosed in JP-B- 
38-19574, JP-B-42-446, JP-B-42-771, etc., the in-situ processes disclosed in JP-B-36-9168, JP-B-51-9079, etc., the 
5 melt dispersion cooling processes disclosed in Brit. Patent Nos. 952807 and 96-5074, etc., and the spray drying proc- 
esses disclosed in U.S. Patent No. 311140, Brit. Patent No. 930422, etc. 

[0123] The color-producing composition of the present invention corresponds to the combination of a dye precursor 
and a developer described in each of the above references and the like. 

[0124] For forming a pressure-sensitive layer, each component such as the urea-urethane compound may be used 
10 in the form of a solution or dispersion in a solvent. In the case of a color-producing system further comprising an amino 
compound and/or a developer, each component may be used in the form of a solution or dispersion in a solvent, or a 
combination of the urea-urethane compound, the amino compound and optionally the developer may be used in the 
form of a solution or dispersion in a solvent. 

[0125] In the above-mentioned interfacial polymerization processes adopted for forming microcapsules, a film is 
is formed on an interface by using two kinds of monomers, i.e., an oil monomer and a water-soluble monomer. There are 
known, for example, a process in which a polybasic acid chloride is used as an oil phase and a polyvalent amine as 
an aqueous phase, and a polyamide film Is formed on the interface; a process In which a polybasic acid chloride is 
used as an oil phase and a polyhydric hydroxy compound as an aqueous phase, and a polyester film is formed on the 
interface; a process in which a polyvalent isocyanate is used as an oil phase and a polyhydric alcohol or a polyhydric 
20 phenol as an aqueous phase, and a polyurethane film is formed on the interface; and a process in which a polyvalent 
isocyanate is used as an oil phase and a polyvalent amine as an aqueous phase, and a polyurea film is formed on the 
interface. Thus, when the interfacial polymerization process is adopted for producing microcapsules, an isocyanate 
compound is used in some cases as a reactive monomer for forming a film. 

[0126] In this case, said isocyanate compound is consumed in forming a film for microcapsules and is not directly 
25 concerned with a developed color image, and it Is absolutely necessary to use a water-soluble monomer together with 
the isocyanate compound. In these points, its employment is distinguished from the employment of the isocyanate 
compound according to the present invention. 

[0127] Dispersions of compounds which are not made into microcapsules are prepared by finely grinding one or 
more compounds as each component in an aqueous solution containing a compound having dispersing capability, 
30 such as a water-soluble polymer, a surfactant or the like. The urea-urethane compound may be dispersed together 
with an amino compound and an acidic developer. 

[01 28] As the substrate used in the pressure-sensitive recording material, paper is mainly used, though any of various 
woven fabrics, nonwoven fabrics, synthetic resin films, laminated papers, synthetic papers, metal foils, and composite 
sheets obtained by combining two or more of them may be used besides paper, depending on their purpose. 

35 [0129] As a binder, conventional various binders can be used. The binder includes, for example, water-soluble bind- 
ers such as starches, hydroxyethyl cellulose, methyl cellulose, carboxymethyl cellulose, gelatin, casein, polyvinyl al- 
cohols, modified polyvinyl alcohol)s, sodium poly(acrylate)s, acrylamide-acrylic ester copolymers, acrylamide-acrylic 
ester-methacrylic acidterpolymers, alkali salts of styrene-maleic anhydride copolymers, alkali salts of ethylene-maleic 
anhydride copolymers, etc.; and latex type water-insoluble binders of styrene-butadiene copolymers, acrylonitrile-buta- 

40 diene copolymers, methyl acrylate-butadiene copolymers, etc. 

[0130] In the recording material of the present invention, the recording layer may contain a hindered phenol com- 
pound or an ultraviolet absorber. The hindered phenol compound or ultraviolet absorber includes, for example, 1 , 1 ,3-tris 
(3'-cyclohexyI-4'-hydroxyphenyl)butane, 1 ,1 ,3-tris(2-methyl-4-hydroxy-5-tert-butylpheny)butane, 4,4'-thiobis(3~me- 
thyl-6-tert-butylphenol), 1 ,3,5-trimethyl-2,4,6-tris(3 1 5-di-tert-butyl-4-hydroxybenzyl)benzene, 2,2 , -dihydroxy-4,4'- 

45 dimethoxybenzophenone, p-octylphenyl salicylate, 2-(2'-hydroxy-5 , -methylpheny)benzotriazole, ethyl-2-cyano-3,3'- 
diphenyl acrylate and tetra(2,2,6 ( 6-tetramethyl-4-piperidyl)-1 ,2,3,4-butanetetracarbonate. 
[0131] The present invention is explained in further detail with the following examples. 

[01 32] The analyses of materials and the evaluation of physical properties were carried out by the following methods. 
so <IRspectrum> 

[0133] Measured by diffuse reflectance spectroscopy by the use of FTIR-81 00M manufactured by Shimadzu Corp. 
<Mass spectrum> 

55 

[0134] Measured by using JMS-KX100 manufactured by JEOL LTD., nitrobenzyl alcohol as a matrix, and xenon as 
a primary gas. 
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<Color development sensitivity of thermal papeo 

[01 35] Coloring densiting at an applied voltage of 24 V and a pulse width of 1 .5 msec was measured with an optical 
densitometer by using a printing tester manufactured by Ohkura Denki K.K., and a thermal head KJT-256-8MG man- 
5 ufactured by Kyocera Co., Ltd. 

<Plasticizer resistance> 

[0136] A heat-sensitive recording material was held between vinyl chloride wrap films or in a vinyl chloride file, and 
10 a load of 300 g/cm 2 was applied thereto from above. After standing at 40°C for 24 hours, the coloring density of the 
printed portion and the non-printed portion (the original recording material surface) was visually estimated. When there 
was only a slight decrease in print density, the print preservability was rated as good. 

<Heat resistance> 

15 

[0137] A heat-sensitive recording material was allowed to stand at 60*C and 25% RH for 24 hours and the degree 
of fading of print was visually estimated. When the degree of fading is low, the print preservability was rated as good. 
[0138] In addition, a heat-sensitive recording material was allowed to stand at 80°C and 25% RH for 24 hours and 
the degree of fading of print was visually estimated. When the degree of fading was low, the print preservability was 
20 rated as good. The coloring density of the original recording material surface was also visually estimated. When the 
color development was slight, the preservability of original recording material surface was rated good. 

<Coloring density of pressure-sensitive paper> 

25 [01 39] Upper paper and under paper were placed one upon the other so that their coated surfaces might face each 
other. A pressure was applied thereto from above to obtain a developed color image on the under paper. The color 
density of the developed color image was measured by means of a densitometer Macbeth RD917. 

<Solvent resistance> 

30 

[0140] Hand cream (Atrix, a trade name, mfd. by Kao Corp.) was thinly applied on the developed color image portion 
obtained in the coloring density estimation, and after standing at ambient temperature for 7 days, the color density of 
print portion was visually estimated. When there was only a slight decrease in a print density, the print preservability 
was rated as good. 

35 

Example 1 

[0141] To 88.2 g of 2,4-toluene diisocyanate were added 124 g of methyl ethyl ketone and 15 g of dimethylformamide 
as solvents, followed by adding dropwise thereto a dilution of 6.3 g of 4,4'-diaminodiphenyl sulfone with a mixture of 

40 25 g of methyl ethyl ketone and 3 g of dimethylformamide, and the reaction was carried out at 25°C for 8 hours. After 
completion of the reaction, the methyl ethyl ketone was removed by concentration and toluene was added to the 
residue, and the white solid precipitated was recovered by filtration, washed with toluene and then dried overnight in 
a vacuum to obtain 1 0.0 g of a compound as white crystals. Subsequently, 33 g of phenol and 180 g of methyl ethyl 
ketone were added to 8.4 g of the obtained compound, followed by adding thereto 8.5 mg of triethylamine, and the 

45 reaction was carried out at 25° C for 7 hours. After completion of the reaction, toluene was added to the reaction solution 
and the crystals precipitated were recovered by filtration, washed with toluene and then dried overnight in a vacuum 
to obtain 10.0 g of a compound as white crystals. Analytical measurements of these white crystals were as follows. 
Result of IR measurement: 

Characteristic peaks appeared at 990 cm" 1 , 1110 cnrr 1 , 1320 cm" 1 , 1590 cm* 1 , 1700 cm" 1 and 3350 cm* 1 . An IR 

50 spectrum is shown in Fig. 1 . 

Result of mass spectrum measurement: 

[M+H]+ was detected at m/z 785. 
[0142] The structural formula of the major component of this compound is presumed to be the structural formula of 
the above-mentioned compound (E-24). 

55 [0143] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% aqueous solution of a polyvinyl alcohol) 
(Gohseran L-3266, a trade name, mfd. by The Nippon Synthetic Chemical Industry Co., Ltd.) in a paint shaker for 45 
minutes to be dispersed, whereby a dispersion was obtained. The temperature of the dispersion immediately after the 
dispersing operation was 25°C. The diameter of dispersed particles of the compound was 0.9 ujti. 
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[0144] Separately, 70 g of 3-dibutylamino-6-methyl-7-anilinofluoran was ground together with 130 g of a 5.4 wt% 
polyvinyl alcohol) aqueous solution In a sand grinder (mfd. by AIMEX CO., LTD.; vessel capacity 400 ml) at a number 
of revolution of 2,000 rpm for 3 hours to be dispersed, whereby a dispersion was obtained. 

[0145] Separately, 70 g of diphenyl sulfone was ground together with 130 g of a 5.4 wt% polyvinyl alcohol) aqueous 
5 solution in a sand grinder (mfd. by AIMEX CO., LTD.; vessel capacity 400 ml) at a number of revolution of 2,000 rpm 
for 3 hours to be dispersed, whereby a dispersion was obtained. 

[0146] Separately, 1 0 g of calcium carbonate was mixed with 30 g of water and dispersed by stirring by the use of 
a stirrer to obtain a dispersion. 

[0147] A coating liquid was obtained by stirring and mixing the above-mentioned dispersions and other components 
10 in the following proportions (dry basis proportions); the dispersion of the above-mentioned compound in terms of dry 
solids: 20 parts by weight, the diphenyl sulfone dispersion in terms of dry solids: 25 parts by weight, the calcium car- 
bonate dispersion in terms of dry solids: 40 parts by weight, a zinc stearate dispersion (solid content: 16 wt%) in terms 
of dry solids: 20 parts by weight, and a 15 wt% polyvinyl alcohol) in terms of dry soiids: 15 parts by weight. - 
[01 48] The coating liquid was applied on base paper with a basis weight of 50 g/m 2 by the use of a bar coater of rod 
15 number 10 and dried, followed by supercalendering, to obtain a heat-sensitive recording material. 
[0149] The result of sensitivity evaluation was so good that the optical density was 1 .3. 

[0150] The result of estimating the degree of a thermal color change of the original recording material surface (the 
heat resistance) was so good that the color change was slight. The thermal fading of the print portion was desirably 
slight. The result of evaluating the ptasticizer resistance by the use of vinyl chloride wrap films was so good that only 
20 a slight color change was caused. The results are summarized in Table 1 . 

Example 2 

[0151] To 30 g of 2,4-toluene diisocyanate was added 57 g of methyl ethyl ketone as a solvent, followed by adding 
25 dropwise thereto a dilution of 2.15 g of 4,4'-diaminodiphenyl sulfone with 12 g of methyl ethyl ketone, and the reaction 
was carried out at 50°C for 6 hours. After completion of the reaction, the reaction solution was cooled to room temper- 
ature and then toluene was added thereto, and the white solid precipitated was recovered by filtration, washed with 
toluene and then dried overnight in a vacuum to obtain 4.1 g of a compound as white crystals. Subsequently, 11 .8 g 
of phenol and 78 g of methyl ethyl ketone were added to 3.0 g of the obtained compound, followed by adding thereto 
30 3 mg of triethylamine, and the reaction was carried out at 25°C for 4 hours. After completion of the reaction, toluene 
was added to the reaction solution and the crystals precipitated were recovered by filtration, washed with toluene and 
then dried overnight in a vacuum to obtain 3.9 g of a compound as white crystals. The result of IR measurement of 
these white crystals was the same as in Example 1 . 

[0152] The structural formula of the major component of this compound is presumed to be the structural formula of 
35 the above-mentioned compound (E-24). 

[0153] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% aqueous solution of a polyvinyl alcohol) 
(Gohsenol KL-05, a trade name, mfd. by The Nippon Synthetic Chemical Industry Co., Ltd.) in a paint shaker for 45 
minutes to be dispersed, whereby a dispersion was obtained. 

[0154] Then, a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
40 this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and using p- 
benzylbiphenyl in place of diphenyl sulfone, and was evaluated. The results obtained are summarized in Table 1 . 

Example 3 

45 [0155] While stirring 31 .5 g of 2,4-toluene diisocyanate at 60°C, a dilution of 21 .5 g of 4,4 , -diaminodiphenyl sulfone 
with 1 20 ml of methyl ethyl ketone was added dropwise thereto over a period of 4 hours, and the reaction was continued 
at 60°C for another 2 hours. After completion of the reaction, the reaction solution was cooled to room temperature 
and then toluene was added thereto, and the white solid precipitated was recovered by filtration, washed with toluene 
and then dried overnight in a vacuum to obtain 47 g of a compound as white crystals. Subsequently, 9.5 g of phenol 

so and 95 ml of methyl ethyl ketone were added to 30 g of the obtained compound, followed by adding thereto 30 mg of 
triethylamine, and the reaction was carried out at 25°C for 4 hours. After completion of the reaction, toluene was added 
to the reaction solution and the crystals precipitated were recovered by filtration, washed with toluene and then dried 
overnight in a vacuum to obtain 38.5 g of a compound as white crystals. The result of IR measurement of these white 
crystals was the same as in Example 1 . 

55 [0156] The structural formula of the major component of this compound is presumed to be the structural formula of 
the above-mentioned compound (E-24). 

[0157] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 
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[0158] Then, a heat- sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
The results obtained are summarized in Table 1 . 

5 Example 4 

[01 59] To 1 0.4 g of 2,4-toluene diisocyanate was added 20 g of methyl ethyl ketone as a solvent, followed by adding 
thereto a dilution of 3.7 g of 4 ) 4'-diaminodiphenyl sulfone with 30 g of methyl ethyl ketone, and the reaction was carried 
out at ambient temperature for 20 hours. After completion of the reaction, the methyl ethyl ketone was removed by 

10 concentration and then toluene was added to the residue, and the white solid precipitated was recovered by filtration, 
washed with hexane and then dried overnight in a vacuum to obtain 8.8 g of a compound as white crystals. Subse- 
quently, 15 g of phenol and then a small amount of dibutyltin dilaurate, were added to 4 g of the obtained compound, 
and the reaction was carried out at 50°C for 4 hou rs. After completion of the reaction, toluene was added to the reaction 
solution and the crystals precipitated were recovered by filtration, washed with hexane and then dried overnight in a 

is vacuum to obtain 5.2 g of a compound as white crystals. 

[01 60] The structural formula of the major component of this compound is presumed to be the structural formula of 
the above-mentioned compound (E-24). 

[0161] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% methyl cellulose aqueous solution in 
a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 
20 [01 62] Then , a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and using ben- 
zyloxynaphthalene in place of diphenyl sulfone, and was evaluated. The results obtained are summarized in Table 1 . 

Example 5 

25 

[0163] To 30 g of 2,4-toluene diisocyanate was added 30 g of toluene as a solvent, followed by adding thereto 3.24 
g of phenol, and the reaction was carried out at 1 00°C for 1 hour and 30 minutes. After completion of the reaction, the 
toluene was removed by concentration and hexane was added to the residue, and the white solid precipitated was 
recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 6.9 g of a compound as 
30 white crystals. Subsequently, methyl ethyl ketone was added as a solvent to 2 g of the obtained compound, followed 
by adding thereto 0.9 g of 4,4 , -diaminodiphenyl sulfone, and the reaction was carried out at 50°C for 22 hours. The 
crystals precipitated were recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 
2.3 g of a compound as white crystals. Analytical measurements of these white crystals were as follows. 
Result of IR measurement: 

35 Characteristic peaks appeared at 550 cm -1 , 1030 cm -1 , 1110 cm* 1 , 1150 cm* 1 , 1590 cm -1 , 1700 cm* 1 and 3300 

cm* 1 . 

[0164] The structural formula of the major component of this compound is presumed to be the structural formula of 
the above-mentioned compound (E-22). 

[0165] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
40 in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[01 66] Then , a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and using di-p- 
methylbenzyl oxalate in place of diphenyl sulfone, and was evaluated. The results obtained are summarized in Table 1 . 

45 Example 6 

[0167] To 30 g of 2,4-toluene diisocyanate was added 30 g of toluene as a solvent, followed by adding thereto 3.24 
g of phenol, and the reaction was carried out at 1 00°C for 1 hour and 30 minutes. After completion of the reaction, the 
toluene was removed by concentration and hexane was added to the residue, and the white solid precipitated was 

50 recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 6.9 g of a compound as 
white crystals. Subsequently, methyl ethyl ketone was added as a solvent to 2 g of the obtained compound, followed 
by adding thereto 0.9 g of S.S'-diaminodiphenyl sulfone, and the reaction was carried out at 50°C for 22 hours. The 
crystals precipitated were recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 
2.5 g of a compound as white crystals. Analytical measurements of these white crystals were as follows. 

55 Result of IR measurement: 

Characteristic peaks appeared at 620 cm* 1 , 880 cm* 1 , 1 030 cm* 1 , 1300 cm* 1 , 1590 cm* 1 , 1700 cm* 1 and 3300 cm 1 . 
[0168] The structural formula of the major component of this compound is presumed to be the structural formula of 
the above-mentioned compound (E-19). 
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[0169] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0170] Then, a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and using benzil 
s in place of diphenyl sulfone, and was evaluated. The results obtained are summarized in Table 1 . 

Example 7 

[0171] To 10.4 g of 2,4-toluene diisocyanate was added 20 g of methyl ethyl ketone as a solvent, followed by adding 
10 dropwise thereto a dilution of 3.7 g of 3,3'-diaminodiphenyl sulfone with 30 g of methyl ethyl ketone, and the reaction 
was carried out at 15°C for 3 hours. The white crystals precipitated were recovered by filtration, washed with hexane 
and then dried overnight in a vacuum to obtain 6.3 g of a compound as white crystals. Subsequently, 15 g of phenol 
and then 3 mg of dibutyftin dilaurate were added to 3,0 g of the obtained compound, and the reaction was carried out 
at 50°C for 3 hours. After completion of the reaction, hexane was added to the reaction solution and the crystals 
15 precipitated were recovered by filtration, washed and then dried overnight in a vacuum to obtain 3.3 g of a compound 
as white crystals. Analytical measurements of these white crystals were as follows. 
Result of IR measurement: 

Characteristic peaks appeared at 520 cm" 1 , 880 crrr 1 , 1030 cm" 1 , 1430 cm" 1 , 1590 cm" 1 , 1710 cm" 1 and 3300 cm" 1 . 
[0172] The structural formula of the major component of this compound is presumed to be the structural formula of 
20 the above-mentioned compound (E-21 ). 

[0173] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% poly (vinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[01 74] Then , a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and using 1 ,2-di 
25 (3-methytphenoxy)ethane in place of diphenyl sulfone, and was evaluated. The results obtained are summarized in 
Table 1 . 

Example 8 

30 [0175] To 27.8 g of 2,4-toluene diisocyanate was added 111 g of toluene as a solvent, followed by adding dropwise 
thereto a solution of 7.4 g of aniline in 37 g of toluene, and the reaction was carried out at 10°C for 8 hours. After 
completion of the reaction, the white solid precipitated was recovered by filtration and then dried overnight in a vacuum 
to obtain 20.0 g of a compound as white crystals. Subsequently, 20 g of dimethylforrnamide was added as a solvent 
to 6.6 g of the obtained compound, followed by adding thereto 2.7 g of 2,2-bis(4-hydroxyphenyl)propane, and the 

35 reaction was carried out at 1 5°C for 5 hours. After completion of the reaction, 8 g of acetone and then 1 60 g of water 
were added to the reaction solution, and the crystals precipitated were recovered by filtration and then dried overnight 
in a vacuum to obtain 9.3 g of a compound as white crystals. Analytical measurements of these white crystals were 
as follows. 

Result of IR measurement: 

40 Characteristic peaks appeared at 750 crrr 1 , 840 cm" 1 , 1020 cm' 1 , 1500 cm" 1 , 1600 cm" 1 , 1720 cm" 1 and 3320 

cm" 1 . An IR spectrum is shown in Fig. 2. 

Result of mass spectrum measurement: 
[M+H] + was detected at m/z 763. 

[0176] The structural formula of the major component of this compound is presumed to be the structural formula of 
45 the above-mentioned compound (E-30). 

[0177] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 

in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[01 78] Then, a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound In place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
so The results obtained are summarized in Table 1 . 

Example 9 

[0179] To 12.2 g of 2,4-toluene diisocyanate was added 90 g of toluene as a solvent, followed by adding dropwise 
55 thereto a solution of 5.2 g of aniline in 30 g of toluene, and the reaction was carried out at 5°C for 7 hours. After 
completion of the reaction, the white solid precipitated was recovered by filtration, washed with toluene and then dried 
overnight In a vacuum to obtain 14 g of a compound as white crystals. Subsequently, 60 g of toluene was added as a 
solvent to 4.3 g of the obtained compound, followed by adding thereto 1 .73 g of 2,2-bis(4-hydroxyphenyI)propane and 
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0.043 mg of triethylamine, and the reaction was carried out at 70°C for B hours. Thereafter, the temperature was raised 
to 80°C and the reaction was continued for another 1 hour. After completion of the reaction, the reaction solution was 
cooled to room temperature, and the crystals precipitated were recovered by filtration, washed with toluene and then 
dried overnight in a vacuum to obtain 6.0 g of a compound as white crystals. The result of IR measurement of these 
5 white crystals was the same as in Example 8. 

[0180] The structural formula of the major component of this compound is presumed to be the structural formula of 
the above-mentioned compound (E-30). 

[0181] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 
10 [0182] Then, a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound In place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
The results obtained are summarized in Table 1 . 

Example 1 0 

15 

[0183] To 61 g of 2,4-toluene diisocyanate was added 450 g of toluene as a solvent, followed by adding dropwise 
thereto a solution of 26 g of aniline in 150 g of toluene over a period of 6 hours, and the reaction was carried out at 
5°C for 7 hours. After completion of the reaction, the white solid precipitated was recovered by filtration, washed with 
toluene and then dried overnight in a vacuum to obtain 70 g of a compound as white crystals. Subsequently, 365 g of 

20 toluene was added as a solvent to 30 g of the obtained compound, followed by adding thereto 1 2.2 g of 2,2-bls(4-hy- 
droxyphenyl)propane and 0.3 mg of triethylamine, and the reaction was carried out with stirring at 60°C for 4 hours 
and then at 70°C for 3 hours. Thereafter, the temperature was raised and the reaction was continued at 80°C for 
another 3 hours. After completion of the reaction, the reaction solution was cooled to room temperature, and the crystals 
precipitated were recovered by filtration, washed with toluene and then dried overnight in a vacuum to obtain 42 g of 

25 a compound as white crystals. The result of IR measurement of these white crystals was the same as in Example 8. 
[0184] The structural formula of the major component of this compound is presumed to be the structural formula of 
the above-mentioned compound (E-30). 

[0185] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 
30 [0186] Then, a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
The results obtained are summarized in Table 1 . 

Example 11 

35 

[0187] To 27.8 g of 2,4-toluene diisocyanate was added 111 g of toluene as a solvent, followed by adding dropwise 
thereto a solution of 7.4 g of aniline in 37 g of toluene, and the reaction was carried out at 10°C for 8 hours. After 
completion of the reaction, the white solid precipitated was recovered by filtration and then dried overnight in a vacuum 
to obtain 20.0 g of a compound as white crystals. Subsequently, 65 g of toluene was added as a solvent to 2.8 g of 

40 the obtained compound, followed by adding thereto 1 .14 g of 2,2-bis(4-hydroxyphenyl)propane and 2.7 mg of dibutyltin 
dilaurate, and the reaction was carried out at 60°C for 7 hours. After completion of the reaction, the reaction solution 
was concentrated, followed by adding thereto acetone and then 160 g of water, and the crystals precipitated were 
recovered by filtration and dried overnight in a vacuum to obtain 3.5 g of a compound as white crystals. 
[01 88] The structural formula of the major component of this compound is presumed to be the structural formula of 

45 the above-mentioned compound (E-30). 

[0189] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0190] Then, a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
so The results obtained are summarized in Table 1 . 

Example 12 

[0191] To 27.8 g of 2,4-toluene diisocyanate was added 111 g of toluene as a solvent, followed by adding dropwise 
55 thereto a solution of 7.4 g of aniline in 37 g of toluene, and the reaction was carried out at 10°C for 8 hours. After 
completion of the reaction, the white solid precipitated was recovered by filtration and then dried overnight in a vacuum 
to obtain 20.0 g of a compound as white crystals. Subsequently, 30 g of methyl ethyl ketone was added as a solvent 
to 4.7 g of the obtained compound, followed by adding thereto 1 .0 g of 2,2-bis(4-hydroxyphenyl)propane and 4.7 mg 
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of dibutyltin di la urate, and the reaction was carried out at 75°C for 4 hours. After completion of the reaction, the reaction 
solution was concentrated, followed by adding thereto acetone and then 160 g of water, and the crystals precipitated 
were recovered by filtration and then dried overnight in a vacuum to obtain 3.0 g of a compound as white crystals. 
[0192] The structural formula of the major component of this compound is presumed to be the structural formula of 
5 the above-mentioned compound (E-30). 

[0193] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0194] Then, a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
10 The results obtained are summarized in Table 1 . 

Example 13 

[0195] To 19.5 g of 2,4-toluene diisocyanate was added 155 g of toluene as a solvent, followed by adding thereto 
15 3.2 g of 2,2-bis(4-hydroxyphenyl)propane, and the reaction was carried out at 80°C for 12 hours. After completion of 

the reaction, the reaction solution was cooled to -20°C and the white solid precipitated was recovered by filtration and 

dissolved in chlorobenzene. Hexane was added to the resulting solution and the crystals precipitated were recovered 

by filtration and then dried overnight in a vacuum to obtain 8.0 g of a compound as white crystals. Subsequently, 50 g 

of toluene was added as a solvent to 4 g of the obtained compound, followed by adding thereto 4 g of aniline, and the 
20 reaction was carried out at 25°C for 24 hours. After completion of the reaction, the crystals precipitated were recovered 

by filtration, washed with toluene and then dried overnight in a vacuum to obtain 5.0 g of a compound as white crystals. 

Analytical measurements of these white crystals were as follows. Result of IR measurement: 

Characteristic peaks appeared at 750 cm* 1 , 840 cm' 1 , 1 020 crrr 1 , 1 500 cm* 1 , 1 600 cm" 1 , 1 720 cm* 1 and 3300 cm* 1 . 

[0196] The structural formula of the major component of this compound is presumed to be the structural formula of 
25 the above-mentioned compound (E-32). 

[0197] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 

in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[01 98] Then , a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
30 The results obtained are summarized in Table 1 . 

Example 14 

[0199] To 30 g of 2,4-toluene diisocyanate was added 30 g of toluene as a solvent, followed by adding thereto 3.24 
35 g of phenol, and the reaction was carried out at 1 00°C for 1 hour and 30 minutes. After completion of the reaction, the 
toluene was removed by concentration and hexane was added to the residue, and the white solid precipitated was 
recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 6.9 g of a compound as 
white crystals. Subsequently, toluene was added as a solvent to 1 .5 g of the obtained compound, followed by adding 
thereto 1 .44 g of 2-methoxy-5-N r N-diethylsulfamoylaniline, and the reaction was carried out at 50°C for 16 hours. The 
40 crystals precipitated were recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 
2.3 g of a compound as white crystals. Analytical measurements of these white crystals were as follows. 
Result of IR measurement: 

Characteristic peaks appeared at 750 cm* 1 , 840 cm* 1 , 1 020 cm* 1 , 1 500 cm* 1 , 1 600 cm* 1 , 1 700 cm -1 and 3320 cm* 1 . 
[0200] The structural formula of the major component of this compound is presumed to be the structural formula of 
45 the above-mentioned compound (E-13). 

[0201] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0202] Then, a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
so The results obtained are summarized in Table 1 . 

Example 15 

[0203] To 40 g of 2,4-toluene diisocyanate was added 1 00 g of toluene as a solvent, followed by adding dropwise 
55 thereto a dilution of 4.28 g of aniline with 40 g of toluene, and the reaction was carried out at 5°C for 1 hour. After 
completion of the reaction, the white solid precipitated was recovered by filtration, washed with hexane and then dried 
overnight in a vacuum to obtain 12.2 g of a compound as white crystals. Subsequently, 40 g of methyl ethyl ketone 
was added as a solvent to 4 g of the obtained compound, followed by adding thereto a dilution of 4.23 g of phenol with 
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1 0 g of methyl ethyl ketone, and the reaction was carried out at 90°C for 3 hours. Thereafter, the reaction solution was 
cooled at 5°C for 6 days, and the crystals precipitated were recovered by filtration and dried overnight in a vacuum to 
obtain 2.58 g of a compound as white crystals. Analytical measurements of these white crystals were as follows. 
Result of IR measurement: 

5 Characteristic peaks appeared at 880 cm' 1 , 1000 cm" 1 , 1040 crrr 1 , 1440 cm" 1 , 1720 cm' 1 , 1720 cm" 1 and 3300 

cm -1 . 

[0204] The structural formula of the major component of this compound is presumed to be the structural formula of 
the above-mentioned compound (E-1). 

[0205] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
10 in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0206] Then , a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
The results obtained are summarized in Table 1 . 

15 Example 16 

[0207] To 30 g of 2,4-toluene diisocyanate was added 30 g of toluene as a solvent, followed by adding thereto 3.24 
g of phenol, and the reaction was carried out at 1 00°C for 1 hour and 30 minutes. After completion of the reaction, the 
toluene was removed by concentration and hexane was added to the residue, and the white solid precipitated was 
20 recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 6.9 g of a compound as 
white crystals. 

[0208] Subsequently, toluene was added as a solvent to 5.4 g of the obtained compound, followed by adding thereto 
0.9 g of water and then a small amount of dibutyltin dilaurate, and the reaction was carried out at ambient temperature 
for 10 hours. The crystals precipitated were recovered by filtration, washed with hexane and then dried overnight in a 
25 vacuum to obtain 2.1 g of a compound as white crystals. Analytical measurements of these white crystals were as 
follows. Result of IR measurement: 

Characteristic peaks appeared at 990 cm* 1 , 1030 crrr 1 , 1300 cm' 1 , 1480 cnrr 1 , 1540 cm' 1 , 1720 cm* 1 and 3300 

cm -1 . 

[0209] The structural formula of the major component of this compound is presumed to be the structural formula of 
30 the above-mentioned compound (E-1 7). 

[0210] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[021 1 ] Then , a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
35 The results obtained are summarized in Table 1 . 

Example 1 7 

[0212] To 40 g of 2,4-toluene diisocyanate was added 1 00 g of toluene as a solvent, followed by adding dropwise 
40 thereto a dilution of 4.28 g of aniline with 40 g of toluene, and the reaction was carried out at 5°C for 1 hour. After 
completion of the reaction, the white solid precipitated was recovered by filtration, washed with hexane and then dried 
overnight in a vacuum to obtain 12.2 g of a compound as white crystals. Subsequently, 40 g of methyl ethyl ketone as 
a solvent and then 5 mg of dibutyltin laurate were added to 5 g of the obtained compound. A dilution of 2.58 g of p- 
methoxyphenol with 10 g of methyl ethyl ketone was added thereto, and the reaction was carried out at 90°C for 6 
45 hours. Thereafter, the reaction solution was poured into hexane, and the crystals precipitated were recovered by fil- 
tration and dried overnight in a vacuum to obtain 3.7 g of a compound as whitish-purple crystals. Analytical measure- 
ments of the whitish-purple crystals were as follows. 
Result of IR measurement: 

Characteristic peaks appeared at 840 cm' 1 , 1040 cm" 1 , 1440 cm' 1 , 1720 cm -1 and 3300 cm' 1 , 
so [021 3] The structural formula of the major component of this compound is presumed to be the structural formula of 
the above-mentioned compound (E-3). 

[0214] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[021 5] Then , a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
55 this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
The results obtained are summarized in Table 1 . 
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Example 1 8 

[0216] To 40 g of 2,4-toluene diisocyanate was added 1 00 g of toluene as a solvent, followed by adding dropwise 

thereto a dilution of 4.28 g of aniline with 40 g of toluene, and the reaction was carried out at 5°C for 1 hour. After 
5 completion of the reaction, the white solid precipitated was recovered by filtration, washed with hexane and then dried 

overnight in a vacuum to obtain 12.2 g of a compound as white crystals. Subsequently, 40 g of methyl ethyl ketone as 

a solvent and then 5 mg of dibutyltin laurate were added to 5 g of the obtained compound. A dilution of 2.22 g of p- 

cresol with 10 g of methyl ethyl ketone was added thereto, and the reaction was carried out at 90°C for 6 hours. 

Thereafter, the reaction solution was poured into hexane, and the crystals precipitated were recovered by filtration and 
10 dried overnight in a vacuum to obtain 3.7 g of a compound as white crystals. Analytical measurements of these white 

crystals were as follows. 

Result of IR measurement: 

Characteristic peaks appeared at 880 cm" 1 , 1000 cm" 1 , 1040 cm" 1 , 1500 cm" 1 , 1720 cm -1 and 3300 cm -1 . 

[0217] The structural formula of the major component of this compound is presumed to be the structural formula of 
15 the above-mentioned compound (E-4). 

[0218] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 

in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[021 9] Then , a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
20 The results obtained are summarized in Table 1 . 

Example 19 

[0220] To 40 g of 2,4-toluene diisocyanate was added 100 g of toluene as a solvent, followed by adding dropwise 
25 thereto a dilution of 5.66 g of p-methoxyaniline with 40 g of toluene, and the reaction was carried out at 10°C for 1 
hour. After completion of the reaction, the whitish-purple solid precipitated was recovered by filtration, washed with 
hexane and then dried overnight in a vacuum to obtain 13.4 g of a compound as whitish-purple crystals. Subsequently, 
65 g of methyl ethyl ketone as a solvent and then 5 mg of dibutyltin laurate were added to 5 g of the obtained compound. 
A dilution of 2.37 g of phenol with 15 g of methyl ethyl ketone was added thereto, and the reaction was carried out at 
30 90°C for 4 hours. Thereafter, the reaction solution was concentrated and then cooled at 5°C for 1 day, and the crystals 
precipitated were recovered by filtration and dried overnight in a vacuum to obtain 2.50 g of a compound as whitish- 
purple crystals. Analytical measurements of these whitish-purple crystals were as follows. 
Result of IR measurement: 

Characteristic peaks appeared at 820 cm* 1 , 1030 cm" 1 , 1420 cm -1 , 1730 cm" 1 and 3300 cm* 1 . 
35 [0221] The structural formula of the major component of this compound is presumed to be the structural formula of 
the above-mentioned compound (E-6). 

[0222] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0223] Then , a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
40 this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
The results obtained are summarized in Table 1 . 

Example 20 

45 [0224] To 30 g of 2,4-toluene diisocyanate was added 30 g of toluene as a solvent, followed by adding thereto 3.24 
g of phenol, and the reaction was carried out at 1 00°C for 1 hour and 30 minutes. After completion of the reaction, the 
toluene was removed by concentration and hexane was added to the residue, and the white solid precipitated was 
recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 6.9 g of a compound as 
white crystals. Subsequently, 1 00 g of toluene was added as a solvent to 5.0 g of the obtained compound, followed by 

50 adding thereto 3.50 g of aniline, and the reaction was carried out at 25°C for 3 hours. The crystals precipitated were 
recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 5.5 g of a compound as 
white crystals. Analytical measurements of these white crystals were as follows. Result of IR measurement: 

Characteristic peaks appeared at 890 cm" 1 , 1000 cm" 1 , 1030 cm" 1 , 1440 cm" 1 , 1720 cm -1 and 3350 cm" 1 . 
[0225] The structural formula of the major component of this compound is presumed to be the structural formula of 

55 the above-mentioned compound (E-8). 

[0226] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0227] Then, a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
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this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
The results obtained are summarized in Table 1 . 

Example 21 

5 

[0228] To 30 g of 2,4-toluene diisocyanate was added 30 g of toluene as a solvent, followed by adding thereto 3.24 
g of phenol, and the reaction was carried out at 1 00°C for 1 hour and 30 minutes. After completion of the reaction, the 
toluene was removed by concentration and hexane was added to the residue, and the white solid precipitated was 
recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 6.9 g of a compound as 

10 white crystals. Subsequently, 1 00 g of toluene was added as a solvent to 5.0 g of the obtained compound, followed by 
adding thereto 3.00 g of p-toluidine, and the reaction was carried out at 25°C for 3 hours. The crystals precipitated 
were recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 5.5 g of a compound 
as white crystals. Analytical measurements of these white crystals were as follows. Result of IR measurement: 
Characteristic peaks appeared at 870 cm* 1 , 1000 cm" 1 , 1030 cm' 1 , 1460 cm' 1 , 1720 cm- 1 and 3350 cm" 1 . 

15 [0229] The structural formula of the major component of this compound is presumed to be the structural formula of 
the above-mentioned compound (E-10). 

[0230] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0231] Separately, 70 g of 2,2-bis(4-hydroxyphenyl)propane was ground together with 1 30 g of a 5.4 wt% polyvinyl 
20 alcohol) aqueous solution in a sand grinder (mfd. by AIMEX CO., LTD.; vessel capacity 400 ml) at a number of revolution 
of 2,000 rpm for 3 hours to be dispersed, whereby a dispersion was obtained. 

[0232] Then , a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
the dispersion of the compound obtained in this Example, in place of the dispersion of the compound obtained in 
Example 1 , and adding the 2,2-bis(4-hydroxyphenyl)propane dispersion to the coating liquid in a proportion of 1 0 parts 
25 by weight in terms of dry solids, and this recording material was evaluated. The results obtained are summarized in 
Table 1 . 

Example 22 

30 [0233] To 30 g of 2,4-toluene diisocyanate was added 30 g of toluene as a solvent, followed by adding thereto 3.24 
g of phenol, and the reaction was carried out at 1 00°C for 1 hour and 30 minutes. After completion of the reaction, the 
toluene was removed by concentration and hexane was added to the residue, and the white solid precipitated was 
recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 6.9 g of a compound as 
white crystals. Subsequently, 100 g of toluene was added as a solvent to 5.0 g of the obtained compound, followed by 

35 adding thereto 3.58 g of p-chloroaniline, and the reaction was carried out at 25°C for 6 hours. The crystals precipitated 
were recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 7.0 g of a compound 
as whitish-purple crystals. Analytical measurements of the whitish-purple crystals were as follows. 
Result of IR measurement: 

Characteristic peaks appeared at 870 cm* 1 , 1030 cm" 1 , 1390 cm" 1 , 1540 cm' 1 , 1720 cm' 1 and 3350 cm' 1 . 

40 [0234] The structural formula of the major component of this compound is presumed to be the structural formula of 
the above-mentioned compound (E-11). 

[0235] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0236] Then, a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
45 this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and using Crystal 
Violet lactone in place of 3-dibutylamino-6-methyl-7-anilinof1uoran, and was evaluated. The results obtained are sum- 
marized in Table 1 . 

Example 23 

50 

[0237] To 1 0 g of diphenylmethane-4,4*-diisocyanate was added 120 g of methyl ethyl ketone as a solvent, followed 
by adding dropwise thereto a dilution of 3.72 g of aniline with 15 g of methyl ethyl ketone, and the reaction was carried 
out at25°C for 3 hours. After completion of the reaction, the white solid precipitated was recovered by filtration, washed 
with hexane and then dried overnight in a vacuum to obtain 1 1 .8 g of a compound as white crystals. Subsequently, 80 
55 g of methyl ethyl ketone was added as a solvent to 5 g of the obtained compound, followed by adding thereto a dilution 
of 2.06 g of phenol with 15 g of methyl ethyl ketone, and the reaction was carried out at 70°C for 8 hours. Thereafter, 
the reaction solution was concentrated and then cooled, and the crystals precipitated were recovered by filtration and 
dried overnight in a vacuum to obtain 2.7 g of a compound as white crystals. Analytical measurements of these white 
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crystals were as follows. 
Result of IR measurement: 

Characteristic peaks appeared at 890 cm' 1 , 1030 cm" 1 , 1420 cm -1 , 1720 cm" 1 and 3300 cm* 1 . 
[0236] The structural formula of the major component of this compound is presumed to be the structural formula of 
s the above-mentioned compound (E-15). 

[0239] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0240] Separately, 70 g of 4-hydroxy-4'-isopropoxydi phenyl sulfone was ground together with 130 g of a 5.4 wt% 
polyvinyl alcohol) aqueous solution in a sand grinder (mfd. by AIMEX CO., LTD.; vessel capacity 400 ml) at a number 

10 of revolution of 2,000 rpm for 3 hours to be dispersed, whereby a dispersion was obtained. 

[0241 ] Then , a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
the dispersion of the compound obtained in Example 23, in place of the dispersion of the compound obtained in Example 
1, and adding the 4-hydroxy-4'-isopropoxydiphenyl sulfone dispersion to the coating liquid in a proportion of 10 parts 
by weight in terms of dry solids, and this recording material was evaluated. The results obtained are summarized in 

is Table 1. 

Example 24 

[0242] To 30 g of 2,4-toluene diisocyanate was added 30 g of toluene as a solvent, followed by adding thereto 3.24 
20 g of phenol, and the reaction was carried out at 1 00°C for 1 hour and 30 minutes. After completion of the reaction, the 

toluene was removed by concentration and hexane was added to the residue, and the white solid precipitated was 

recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 6.9 g of a compound as 

white crystals. Subsequently, 30 g of toluene was added as a solvent to 2.0 g of the obtained compound, followed by 

adding thereto 0.41 g of p-phenyienediamine, and the reaction was carried out at 50°C for 10 hours. The crystals 
25 precipitated were recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 2.3 g of 

a compound as white crystals. Analytical measurements of these white crystals were as follows. 

Result of IR measurement: 

Characteristic peaks appeared at 840 cm' 1 , 1000 cm -1 , 1200 cm' 1 , 1640 cm' 1 , 1720 cm -1 and 3300 cm* 1 . 

[0243] The structural formula of the major component of this compound is presumed to be the structural formula of 
30 the above-mentioned compound (E-28). 

[0244] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 

in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0245] Separately, 70 g of bis(4-hydroxyphenyl) sulfone was ground together with 130 g of a 5.4 wt% polyvinyl 
alcohol) aqueous solution in a sand grinder (mfd, by AIMEX CO., LTD. ; vessel capacity 400 ml) at a number of revolution 
35 of 2,000 rpm for 3 hours to be dispersed, whereby a dispersion was obtained. 

[0246] Then, a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
the dispersion of the compound obtainedin Example24, in placeof the dispersion of the compound obtained in Example 
1 , and adding the b is (4-hydroxy phenyl) sulfone dispersion to the coating liquid in a proportion of 1 0 parts by weight in 
terms of dry solids, and this recording material was evaluated. The results obtained are summarized in Table 1 . 

40 

Example 25 

[0247] To 30 g of 2,4-toluene diisocyanate was added 30 g of toluene as a solvent, followed by adding thereto 3.24 
g of phenol, and the reaction was carried out at 1 00°C for 1 hour and 30 minutes. After completion of the reaction, the 

45 toluene was removed by concentration and hexane was added to the residue, and the white solid precipitated was 
recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 6.9 g of a compound as 
white crystals. Subsequently, 30 g of toluene was added as a solvent to 2.0 g of the obtained compound, followed by 
adding thereto 0.90 g of o-dianisldine, and the reaction was carried out at 50°C for 6 hours. The crystals precipitated 
were recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 2.6 g of a compound 

so as white crystals. Analytical measurements of these white crystals were as follows. 
Result of IR measurement: 

Characteristic peaks appeared at 820 cm" 1 , 1000 cm' 1 , 1030 cm* 1 , 1320 cm' 1 , 1590 cm* 1 , 1710 cm -1 and 3300 

cm* 1 . 

[0248] The structural formula of the major component of this compound is presumed to be the structural formula of 
55 the above-mentioned compound (E-29). 

[0249] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0250] Then, a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
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this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
The results obtained are summarized in Table 1 . 

Example 26 

5 

[0251] To 30 g of 2,4-toluene diisocyanate was added 30 g of toluene as a solvent, followed by adding thereto 3.24 
g of phenol, and the reaction was carried out at 1 00°C for 1 hour and 30 minutes. After completion of the reaction, the 
toluene was removed by concentration and hexane was added to the residue, and the white solid precipitated was 
recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 6.9 g of a compound as 

10 white crystals. Subsequently, 30 g of dimethylformamide was added as a solvent to 2.7 g of the obtained compound, 
followed by adding thereto 1 .2 g of 4,4*-diamInobenzanilide and then 3 mg of dibutyltin dilaurate, and the reaction was 
carried out at 25°C for 24 hours. Methanol was poured into the reaction solution, and the crystals precipitated were 
recovered by filtration, washed and then dried overnight in a vacuum to obtain 2.3 g of a compound as white crystals. 
[0252] The structural formula of the major component of this compound is presumed to be the structural formula of 

15 the above-mentioned compound (E-26). 

[0253] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0254] Then, a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
20 The results obtained are summarized in Table 1 . 

Example 27 

[0255] To 40 g of 2,4-toluene diisocyanate was added 1 00 g of toluene as a solvent, followed by adding dropwise 
25 thereto a dilution of 4.28 g of aniline with 40 g of toluene, and the reaction was carried out at 5°C for 1 hour. After 
completion of the reaction, the white solid precipitated was recovered by filtration, washed with hexane and then dried 
overnight in a vacuum to obtain 12.2 g of a compound as white crystals. Subsequently, 60 g of methyl ethyl ketone as 
a solvent and then a small amount of dibutyltin dilaurate were added to 3 g of the obtained compound. Thereafter, a 
dilution of 1 .4 g of 4,4'-dihydroxydiphenyl sulfone (bisphenol S) with 10 g of methyl ethyl ketone was added dropwise 
30 thereto at 90°C, and the reaction was carried out for 1 6 hours. After completion of the reaction, the resulting crystals 
were recovered by filtration, washed with methyl ethyl ketone and then dried overnight in a vacuum to obtain 2.1 g of 
a compound as white crystals. 

[0256] The structural formula of the major component of this compound is presumed to be the structural formula of 
the above-mentioned compound (E-33). 
35 [0257] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0258] Then , a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
The results obtained are summarized in Table 1 . 

40 

Example 28 

[0259] To 40 g of 2,4-toluene diisocyanate was added 1 00 g of toluene as a solvent, followed by adding dropwise 
thereto a dilution of 4.28 g of aniline with 40 g of toluene, and the reaction was carried out at 5°C for 1 hour. After 

45 completion of the reaction, the white solid precipitated was recovered by filtration, washed with hexane and then dried 
overnight in a vacuum to obtain 12.2 g of a compound as white crystals. Subsequently, 40 g of methyl ethyl ketone as 
a solvent and then 5 mg of dibutyltin laurate were added to 5 g of the obtained compound. A dilution of 2.64 g of p- 
chlorophenol with 1 0 g of methyl ethyl ketone was added thereto, and the reaction was carried out at 90°C for 5 hours. 
Thereafter, the reaction solution was poured into hexane, and the crystals precipitated were recovered by filtration and 

so dried overnight in a vacuum to obtain 1.1 g of a compound as white crystals. 

[0260] The structural formula of the major component of this compound is presumed to be the structural formula of 
the above-mentioned compound (E-5). 

[0261] Next, 1 g of this compound was ground together with 4 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 
55 [0262] Then, 2 g of 1 ,3-bis(3-isocyanato-4-methylpheyl)urea was ground together with 8 g of a 2.5 wt% polyvinyl 
alcohol) aqueous solution in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 
[0263] Subsequently, a heat-sensitive recording material was produced in the same manner as in Example 1 except 
for using the dispersion of the compound obtained in Example 28, in place of the dispersion of the compound obtained 
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in Example 1 , and adding the 1 ,3-bis(3-isocyanato-4-methylphenyl)urea dispersion to the coating liquid in a proportion 
of 10 parts by weight in terms of dry solids, and this recording material was evaluated. The results obtained are sum- 
marized in Table 1 . 

s Example 29 

[0264] To 40 g of 2,4-toluene diisocyanate was added 100 g of toluene as a solvent, followed by adding dropwise 
thereto a dilution of 6.21 g of p-aminoacetophenone with a mixture of 30 g of toluene and 30 g of methyl ethyl ketone, 
and the reaction was carried out at 25°C for 20 hours. After completion of the reaction, the white solid precipitated was 

10 recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 13.0 g of a compound as 
white crystals. Subsequently, 65 g of methyl ethyl ketone as a solvent and then 5 mg of dibutyltin laurate were added 
to 5 g of the obtained compound. A dilution of 2.28 g of phenol with 15 g of methyl ethyl ketone was added thereto, 
and the reaction was carried out at 90°C for 4 hours. Thereafter, the reaction solution was concentrated and then 
cooled at5°Cfor 1 day, after which the crystals precipitated were recovered by filtration and dried overnight in a vacuum 

15 to obtain 1 .0 g of a compound as white crystals. 

[0265] The structural formula of the major component of this compound is presumed to be the structural formula of 
the above-mentioned compound (E-7). 

[0266] Next, 1 g of this compound was ground together with 4 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 

in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 
20 [0267] Separately, 70 g of an imlno compound 1 ,3-diimino-4 f 5,6,7-tetrach!oroisoindoline was ground together with 

130 g of a 5.4 wt% polyvinyl alcohol) aqueous solution in a sand grinder (mfd. by AIMEX CO., LTD.; vessel capacity 

400 ml) at a number of revolution of 2,000 rpm for 3 hours to be dispersed, whereby a dispersion was obtained. 

[0268] Separately, 70 g of an isocyanate compound 4,4 , ,4 ,, -triisocyanato-2,5-dimethoxytriphenylamine was ground 

together with 130 g of a 5.4 wt% polyvinyl alcohol) aqueous solution in a sand grinder (mfd. by AIMEX CO., LTD.; 
25 vessel capacity 400 ml) at a number of revolution of 1 ,000 rpm for 1 hour to be dispersed, whereby a dispersion was 

obtained. 

[0269] Separately, 70 g of 3,3'-diaminodiphenyl sulfone was ground together with 130 g of a 5.4 wt% polyvinyl 
alcohol) aqueous solution in a sand grinder (mfd. by AIMEX CO., LTD.; vessel capacity 400 ml) at a number of revolution 
of 2,000 rpm for 3 hours to be dispersed, whereby a dispersion was obtained. 

30 [0270] Then, a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
the dispersion of the compound obtained in Example 29, in place of the dispersion of the compound obtained in Example 
1 , and adding to the coating liquid the 1 > 3-diimino-4,5,6,7-tetrachloroisoindoline dispersion in a proportion of 8 parts 
by weight in terms of dry solids, the 4,4 , ,4 ,, -triisocyanato-2,5-dimethoxytripheylamine dispersion in a proportion of 5.3 
parts by weight in terms of dry solids, and the 3,3'-diaminodiphenyl sulfone dispersion in a proportion of 5.3 parts by 

35 weight in terms of dry solids, and this recording material was evaluated. The results obtained are summarized in Table 1 . 

Example 30 

[0271] To 30 g of 2,4-toluene diisocyanate was added 30 g of toluene as a solvent, followed by adding thereto 3.24 
40 g of phenol, and the reaction was carried out at 1 00°C for 1 hour and 30 minutes. After completion of the reaction, the 
toluene was removed by concentration and hexane was added to the residue, and the white solid precipitated was 
recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 6.9 g of a compound as 
white crystals. Subsequently, 30 g of toluene was added as a solvent to 2.0 g of the obtained compound, followed by 
adding thereto 0.75 g of 4,4'-diaminodiphenyl ether, and the reaction was carried out at 50°C for 1 6 hours. The crystals 
45 precipitated were recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 2.4 g of 
a compound as white crystals. 

[0272] The structural formula of the major component of this compound is presumed to be the structural formula of 
the above-mentioned compound (E-2.5). 

[0273] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
50 in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0274] Then , a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
The results obtained are summarized in Table 1 . 

55 Example 31 

[0275] To 30 g of 2,4-toiuene diisocyanate was added 30 g of toluene as a solvent, followed by adding thereto 3.24 
g of phenol, and the reaction was carried out at 1 00°C for 1 hour and 30 minutes. After completion of the reaction, the 
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toluene was removed by concentration and hexane was added to the residue, and the white solid precipitated was 
recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 6.9 g of a compound as 
white crystals. Subsequently, 30 g of toluene was added as a solvent to 2.0 g of the obtained compound, followed by 
adding thereto 0.74 g of 4,4 , -diaminodiphenylmethane and 10 g of methyl ethyl ketone, and the reaction was carried 
5 out at 50°C for 10 hours. The crystals precipitated were recovered by filtration, washed with hexane and then dried 
overnight in a vacuum to obtain 2.1 g of a compound as white crystals. 

[0276] The structural formula of the major component of this compound is presumed to be the structural formula of 
the above-mentioned compound (E-27). 

[0277] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
10 in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0278] Then , a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersio n of the compound obtained in Example 1 , and was evaluated. 
The results obtained are summarized in Table 1 . 

15 Example 32 

[0279] To 30 g of 2,4-toluene diisocyanate was added 30 g of toluene as a solvent, followed by adding thereto 3.24 
g of phenol, and the reaction was carried out at 1 00°C for 1 hour and 30 minutes. After completion of the reaction, the 
toluene was removed by concentration and hexane was added to the residue, and the white solid precipitated was 
20 recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 6.9 g of a compound as 
white crystals. Subsequently, 30 g of toluene was added as a solvent to 1 .5 g of the obtained compound, followed by 
adding thereto 0.3 g of ethylamine, and the reaction was carried out at 50°C for 6 hours. The crystals precipitated were 
recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 1.8 g of a compound as 
white crystals. 

25 [0280] The structural formula of the major component of this compound is presumed to be the structural formula of 
the above-mentioned compound (E-44). 

[0281] Next, 1 g of this compound was ground together with 4 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0282] Then, a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
30 this dispersion of said compound in place of the dispersion of the compound obtained in Example 1, and was evaluated. 
The results obtained are summarized in Table 1 . 

Example 33 

35 [0283] While stirring 1 50 g of 2,4-toluene diisocyanate at 50°C, a solution of 1 7.2 g of 4,4'-diaminodiphenylmethane 
in 120 ml of methyl ethyl ketone was added dropwise thereto over a period of 4 hours, and the reaction was continued 
at 50°C for another 2 hours. After completion of the reaction, the reaction solution was cooled to room temperature 
and then toluene was added thereto, and the white solid precipitated was recovered by filtration, washed with toluene 
and then dried overnight in a vacuum to obtain 43 g of a compound as white crystals. Subsequently, 51 .5 g of phenol 

40 and 100 ml of methyl ethyl ketone were added to 30 g of the obtained compound, followed by adding thereto 30 mg 
of triethylamine, and the reaction was carried out at 50°C for 20 hours. After completion of the reaction, toluene was 
added to the reaction solution and the crystals precipitated were recovered by filtration, washed with toluene and then 
dried overnight in a vacuum to obtain 38.5 g of a compound as white crystals. 

[0284] The structural formula of the major component of this compound is presumed to be the structural formula of 
45 the above-mentioned compound (E-27). 

[0285] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0286] Then , a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
50 The results obtained are summarized in Table 1 . 

Example 34 

[0287] While stirring 31 .5 g of 2,4-toluene diisocyanate at 60°C, a solution of 21 .5 g of 4,4'-diaminodiphenyl sulfone 
55 in 120 ml of methyl ethyl ketone was added dropwise thereto over a period of 6 hours. Uninterruptedly, the reaction 
solution was cooled to 25°C, followed by adding thereto 17.1 g of phenol and then 30 mg of triethylamine, and the 
reaction was carried out at 25°C for 4 hours. After completion of the reaction, the methyl ethyl ketone was distilled off 
and the solid thus obtained was ground and then dried overnight in a vacuum to obtain 70 g of a compound as light- 
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yellow powder. 

[0288] The structural formula of the major component of this compound is presumed to be the structural formula of 
the above-mentioned compound (E-24). 

[0289] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
5 in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0290] Then, a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
The results obtained are summarized in Table 1 . 

10 Comparative Example 1 

[0291] A heat-sensitive recording material was produced in the same manner as in Example 1 except for using 2,2-bis 
(4-hydroxyphenyl)propane in place of the urea-urethane compound synthesized in Example 1, and was evaluated. 
The results obtained are summarized in Table 1 . 

15 

Comparative Example 2 

[0292] To 10 g of 2,4-toluene diisocyanate was added 50 g of toluene as a solvent, followed by adding thereto 30 g 
of aniline, and the reaction was carried out at 25°C for 3 hours. After completion of the reaction, the white solid pre- 
20 cipitated was recovered by filtration, washed with hexane and then dried overnight in a vacuum to obtain 17 g of a 
compound as white crystals. 

[0293] The presumed structural formula of the major component of this compound is the structural formula of the 
compound (C-1) shown below. 

[0294] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
25 jn a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 

[0295] Then , a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1, and was evaluated. 
The results obtained are summarized in Table 1 . 

30 Comparative Example 3 

[0296] To 10 g of 2,4-toluene diisocyanate was added 30 g of toluene as a solvent, followed by adding thereto 30 g 
of phenol, and the reaction was carried out at 100°C for 3 hours. After completion of the reaction, the toluene was 
removed by concentration and hexane was added to the residue, and the white solid precipitated was recovered by 
35 filtration, washed with hexane and then dried overnight in a vacuum to obtain 15 g of a compound as white crystals. 
[0297] The presumed structural formula of the major component of this compound is the structural formula of the 
compound (C-2) shown below. 

[0298] Next, 2 g of this compound was ground together with 8 g of a 2.5 wt% polyvinyl alcohol) aqueous solution 
in a paint shaker for 45 minutes to be dispersed, whereby a dispersion was obtained. 
40 [0299] Then , a heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
this dispersion of said compound in place of the dispersion of the compound obtained in Example 1 , and was evaluated. 
The results obtained are summarized in Table 1 . 
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Comparative Example 4 

[0300] A heat-sensitive recording material was produced in the same manner as in Example 1 except for using 
1 ,3-diphenylurea in place of the urea-urethane compound synthesized in Example 1, and was evaluated. The results 
obtained are summarized in Table 1 . 
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1 . Sensitivity becomes higher with an increase of optical density (OD value). 

2. Plasticizer resistance (print preservability) 

@~ Substantially no fading. 
5 O — A slight color tone change without blur and the like. 

A ~ Marked fading. 

x ~ Complete loss of the color of print. 

3. Heat resistance (print preservability at 60° C and 80° C) 

10 

Substantially no fading. 
O — A slight color tone change without blur and the like. 
A ~ Marked fading. 

x ~ Complete loss of the color of print. 

75 

4. Heat resistance (the preservability of an original recording material surface at 80°C) 

®— Substantially no fog was caused. 

O — Reading of a print portion was possible though there was a slight color tone change. 
20 A — Reading of a print portion was difficult owing to fog. 

x — Reading of a print portion was impossible owing to serious fog.. 

Example 35 

25 (1) Production of upper paper 

[0301] A solution prepared by dissolving 2.5 parts by weight of 3-diethylamino-7-chlorofluoran in 80 parts by weight 
of NISSEKI HISOL N-296 (an oil, a trade name, mfd. by Nippon Sekiyu Kagaku K.K.) was emulsified in 100 parts by 
weight of a 5% aqueous solution of pH 4.0 prepared by dissolving a styrene-maleic anhydride copolymer together with 

30 a small amount of sodium hydroxide. On the other hand, when a mixture of 1 0 parts by weight of melamine, 25 parts 
by weight of a 37% aqueous formaldehyde solution and 65 parts by weight of water was adjusted to pH 9.0 with sodium 
hydroxide and heated at 60°C, the mixture became transparent after 15 minutes and a melamine-formaldehyde pre- 
condensate was obtained. The precondensate was added to the emulsion obtained above, and the resulting mixture 
was continuously stirred for 4 hours while maintaining the mixture at 60°C, and then was cooled to room temperature. 

35 The solid content of the resulting microcapsule dispersion was 45%. 

[0302] The thus obtained microcapsule dispersion was applied on paper and dried to obtain upper paper. 

(2) Production of under paper 

40 [0303] At ordinary temperature, 15 g of a compound (the presumed structural formula of the major component of 
this compound is the structural formula of the above-mentioned compound (E-22)) synthesized in the same manner 
as in Example 4 was ground together with 45 g of a 2 wt% polyvinyl alcohol) aqueous solution in a paint shaker for 
45 minutes to be dispersed, whereby a dispersion was obtained. 

[0304] Separately, 60 g of calcium carbonate was mixed with 90 g of water and dispersed with a stirrer to obtain a 
45 dispersion. 

[0305] A coating liquid was prepared by mixing and stirring 40 parts by weight of the dispersion of the aforesaid 
synthesized compound, 125 parts by weight of the calcium carbonate dispersion and 120 parts by weight of a 1 0 wt% 
polyvinyl alcohol) aqueous solution. 

[0306] The coating liquid was applied on base paper with a basis weight of 40 g/m 2 by the use of a bar coater of rod 
so number 1 0 to obtain under paper. 

[0307] The result of color density evaluation was so good that the optical density was 0.7. 

[0308] The result of evaluating the solvent resistance by the use of hand cream was so good that reading of a print 
portion was possible. The results are summarized in Table 2. 

55 Comparative Example 5 

[0309] A pressure-sensitive recording material was produced in the same manner as in Example 23 except for using 
activated clay as developer in place of the urea-urethane compound used in Example 23, and was evaluated. The 
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results are summarized in Table 2. 



[Table 2] 





Coloring density of pressure-sensitive paper 


Solvent resistance (hand cream) 


Example 35 

Comparative Example 5 


1.3 
0.9 


® 

X 



1 . Coloring density becomes higher with an increase of optical density (OD value). 

2. Solvent resistance (hand cream) 

®-~ Substantially no fading. 

O — A slight color tone change without blur and the like. 
A *- Marked fading. 

x — Complete loss of the color of print. 
INDUSTRIAL APPLICABILITY 

[0310] Employment of a specific urea-urethane compound makes it possible to provide at a low price a color-pro- 
20 ducing composition and a recording material which are excellent in image preservability and color development sen- 
sitivity. 
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Claims 
1 



A urea-urethane compound having one or more urea groups and one or more urethane groups in the molecular 
structure, the number of said urea groups (A) and the number of said urethane groups (B) satisfying the following 
numerical formula: 



30 



1 0 i= (A + B) 5: 3 



35 



wherein each of A and B is an integer of 1 or more. 

A urea-urethane compound represented by any of the following formulas (I) to (VI): 



40 



O O 
H H H H H 
X-0-ON-Y 0 -N-ON-Z 



(I) 



wherein X and Z are independently an aromatic compound residue, a heterocyclic compound residue or an aliphatic 
45 compound residue, each of the residues optionally have one or more substrtuents, and Y 0 is a group selected from 

the group consisting of totylene group, xylylene group, naphthylene group, hexamethylene group and -<|>-CH 2 -<t>- 
group wherein -<|>- is a phenylene group; 



50 



o o o 

II H H H H H II 

X-O-C-N-Y-N-C-N-Y-N-C-O-X 



(ID 



wherein X and Y are independently an aromatic compound residue, a heterocyclic compound residue or an aliphatic 
compound residue, each of the residues optionally have one or more substituents; 
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CO O \ 
II II \ 
X-O-C-N-Y-N-C-N H 
H H H/ n 



(III) 



wherein X and Y are independently an aromatic compound residue, a heterocyclic compound residue or an aliphatic 
compound residue, a is a residue having a valence of 2 or more, and n is an integer of 2 or more, each of the 
10 residues optionally have one or more substituents; 



15 



ft I \ 

I Z-N-C-N-Y-N-C-O-J P 

V H H H J n 



(IV) 



wherein Z and Y are independently an aromatic compound residue, a heterocyclic compound residue or an aliphatic 
compound residue, p is a residue having a valence of 2 or more, and n is an integer of 2 or more, each of the 
residues optionally have one or more substituents; 



25 




O O _ O _ O 

II rT^l 11 if^l v 11 fT^I I' 

°- c -„ N -U-is- c -Sv> r -U-ii- c -ij-^-ii- c - 0 - 



(V) 

wherein hydrogen atom(s) of each benzene ring may be replaced by an aromatic compound residue, an aliphatic 
compound residue or a heterocyclic compound residue, each of the residues may have one or more substituents, 
y is a group selected from the group consisting of-S0 2 -, -O-, -(S) n -, -(CH 2 ) n -, -CO-, -CONH- and any of groups 
represented by the formulas (a); 



40 



45 



50 



55 



65 



EP1 116 713 A1 




0 



or is absent, and n is 1 or 2; and 



(VI) 

wherein hydrogen atom(s) of each benzene ring may be replaced by an aromatic compound residue, an aliphatic 
compound residue or a heterocyclic compound residue, each of the residues may have one or more substituents, 
8 is a group selected from the group consisting 0f-SO 2 -, -O-, -(S) n -, -(CH 2 ) n -, -CO-, -CONH-, -NH-.-CHtCOORj)-, 
-C(CF 3 ) 2 - and -CR 2 R 3 - or is absent, each of R 1f R 2 and R 3 is an alkyl group, and n is 1 or 2. 

A color-producing composition comprising a developer comprising a urea-urethane compound, and a colorless or 
light-colored dye precursor. 

A color-producing composition according to claim 3, wherein said developer is a urea-urethane compound accord- 
ing to claim 1 . 

A color-producing composition according to claim 3, wherein said developer is a urea-urethane compound accord- 
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ing to claim 2 or a urea-urethane compound represented by the following formula (VII): 



0 O 
" H H H H 
X-O-C-N-Y-N-C-N-Z (VII) 



wherein X, Y and Z are independently an aromatic compound residue, a heterocyclic compound residue or an 
aliphatic compound residue, each of the residues optionally have one or more substituents. 

6. A color-producing composition according to any one of claims 3 to 5, which further comprises an isocyanate com- 
pound. 

7. A color-producing composition according to any one of claims 3 to 5, which further comprises an isocyanate com- 
pound and an imino compound. 

8. A color-producing composition according to any one of claims 3 to 7, which further comprises an amino compound. 

9. A color-producing composition according to any one of claims 3 to B, wherein the developer further comprises an 
acidic developer. 

10. A recording material comprising a substrate and a color-producing layer formed thereon, said color-producing 
layer comprising a urea-urethane compound according to claim 1 or 2 or a color-producing composition according 
to any one of claims 3 to 9. 

11. A recording material according to claim 10, which is a heat-sensitive recording material. 
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